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THE   COLOR   REACTIONS  OF  NAPHTHAQUINONE  SO- 
DIUM-MONOSULPHONATE  AND  SOME  OF  THEIR 

BIOLOGICAL  APPLICATIONS. 

By  C.  A.  HERTER,  New  York. 

The  extraordinary  capacity  of  naphthaquinone-sulphonic  acid 
to  enter  into  reactions  with  the  production  of  color  was  first  recog- 
nized by  Witt  and  Kaufmann,'  who  first  prepared  the  substance 
by  oxidation  of  amido-naphtha-sulphonic  acid.  The  observations 
of  Witt  were  recently  considerably  extended  by  Ehrlich  and  Her- 
ter,*  who  not  only  described  a  number  of  new  color  reactions,  but 
also  indicated  various  biological  applications  which  promise  to 
increase  our  physiological  knowledge.  Since  the  publication  of 
these  papers  I  have  added  a  considerable  number  of  new  color 
reactions  to  those  previously  observed,  and  it  is  my  purpose  at 
present  to  describe  some  of  these.  I  shall  not  tmdertake  to  dis- 
cuss fully  the  chemistry  of  these  reactions,  which  in  many  cases 
is  still  obscure.  I  shall,  however,  describe  a  number  of  reactions, 
selecting  especially  those  which  are  characterized  by  sensitive- 
ness, or  by  some  quality  which  lends  the  reactions  a  degree  of 
biological  significance. 

PROPERTIES   OF   THE    SUBSTANCE. 

The  1.2  naphthaquinone  4  sodium  sulphonate  is  an  orange- 
colored  powder,  which  dissolves  readily  in  water.  In  95  %  alco- 
hol it  is  slowly  and  slightly  soluble,  solution  being  aided  by  heat ; 
the  solubility  in  absolute  alcohol  is  still  less.  In  acetone  also 
it  is  moderately  soluble.  In  ether,  chloroform,  carbon  disul- 
phide,  benzene,  and  petroleum  ether  the  substance  is  insoluble 
or  very  nearly  so.  The  test  of  solubility  in  these  cases  was  the 
failure  to  obtain  any  reaction  with  anilin.     The  substance  is 

^Berichted.  Deutschen  ckem.  Gesellschaft,  189 1-2,  xxiv,  3157. 
*Zeitsckr.  f.  physiolog.  Chemt'e,  1904,  xli,  379. 
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readily  reduced  to  the  corresponding  hydro-naphthaquinone 
compotind  by  means  of  zinc  dust  and  hydrochloric  acid.  When 
thus  reduced  a  reaction  with  anilin  can  no  longer  be  obtained. 
The  ease  with  which  reaction  occurs  in  vitro  is  noteworthy  from 
the  fact  that  the  substance  tmdergoes  reduction  in  the  animal 
organism.  Efforts  to  obtain  reduction  by  means  of  alkaline 
solutions  of  glucose  were  tmsuccessful,  even  when  the  mixture 
was  subjected  to  boiling.  Under  these  circumstances  the  solu- 
tion becomes  a  very  deep  brown,  which  after  boiling  a  few  min- 
utes gives  place  to  a  red  tint.  The  reduced  and  colorless  acid 
solutions  of  hydro-naphthaquinone  sodium-monosulphonate  are 
easily  oxidized  to  the  original  compotmd  on  the  addition  of 
potassium  persulphate.  The  proof  of  this  is  that  the  character- 
istic anilin  compound  is  immediately  formed  on  the  addition  of 
anilin  to  a  solution  of  the  hydro  compound  which  has  been  sub- 
jected to  oxidation.  The  chemical  constitution  of  the  naphlha- 
quinone  sodium-monosulphonate  is  indicated  by  the  following 

graphic  formula: 
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00 
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The  addition  of  alkali  to  a  watery  solution  of  naphthaquinone 
compound  leads  to  a  gradual  darkening  of  the  solution.  It  is 
a  property  of  quinones  generally  that  their  solutions  darken  on  the 
addition  of  basic  substances.  Possibly  this  change  is  connected 
with  tautomerism.  This  change  is  greatly  accelerated  by  the  use 
of  heat.  On  rendering  the  solution  acid  by  means  of  mineral  or 
organic  acids  the  solution  becomes  pale  yellow.  The  chemical 
nature  of  these  changes  is  not  wholly  clear.  Many  substances, 
when  added  to  an  alkaline  solution  of  the  naphthaquinone  sub- 
stance, give  rise  to  a  dark  brown  color  like  that  just  mentioned. 
I  have  found  this  to  be  the  case  in  alkaline  solutions  of  uric  acid, 
and  with  solutions  of  caffein,  xanthin,  theobromin,  alloxan,  etc. 
I  think  it  probable  that  the  reaction  represents  merely  an  ac- 
celeration and  intensification  of  the  change  which  takes  place 
when  a  fairly  strong  alkali  is  added  to  this  substance.     A  similar 
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reaction  can  readily  be  demonstrated  with  normal  human  urine 
which  has  been  rendered  alkaline.  If  the  naphthaquinone  com- 
potmd  be  added  to  alkalized  urine  there  is  a  rapid  darkening  of 
the  mixttire.  A  dark-colored  substance  can  be  readily  salted  out 
by  means  of  ammonium  stdphate,  but  its  nature  is  still  imcertain. 
The  intensity  of  the  reaction  appears  to  be  little  diminished  by 
the  previous  removal  of  uric  acid  and  other  purin  substances  by 
means  of  ammonium  salts. 

TYPES   OF   COLOR   REACTIONS. 

The  most  striking  example  of  the  capacity  of  our  substance  to 
give  rise  to  multitudinous  color  reactions  is  seen  in  the  case  of 
compounds  which  contain  an  aromatic  primary  amido  group. 
The  substances  of  this  class  which  react  may  literally  be  num- 
bered by  the  himdreds.  For  the  most  part  the  color  reaction 
obtained  in  these  cases  is  some  shade  of  red  or  crimson,  but  in 
some  instances  the  color  is  modified  toward  brown  and  usually 
deepens  on  the  addition  of  alkali.  A  second  important  group, 
though  one  which  is  more  limited  in  the  number  of  its  reactions 
than  the  preceding,  illustrates  the  so-called  acid  methylene 
type.  This  term  refers  to  such  organic  substances  as  possess  a 
methylene  (CH,)  group  located  between  two  negative  radicals, 
such  as  CN,  COO,  C^H.,  CO  NH„  C^Hj,  CO.COCH3,  etc.  In 
all  these  cases  the  methylene  group  becomes  labile,  and  takes 
on  the  capacity  of  making  condensation  products  with  our 
substance.  In  another  group  of  cases  we  have  reactions  with 
a  great  variety  of  aliphatic  primary  amines,  like  methylamine 
and  ethylamine.  In  a  certain  number  of  instances,  also,  we 
meet  with  color  reactions  due  to  secondary  amines,  both  aromatic 
and  aliphatic.  Finally  among  the  organic  compounds  we  meet 
with  some  in  which  the  color  reaction  can  scarcely  be  regarded 
as  depending  on  a  true  condensation  but  is  rather  to  be  ascribed 
to  a  process  of  oxidation.  This  appears  to  me  to  be  the  case  with 
the  green  color  produced  by  the  action  of  the  substance  on 
resorcin. 

It  seems  desirable  to  describe  with  some  detail  certain  typical 
reactions  belonging  to  these  various  groups  of  compotmds. 
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Color  Reactions  of  Primary  Aromatic  Amines. — One  of  the 
most  striking  reactions  belonging  to  this  group  is  that  of  anilin. 
This  amine  undergoes  condensation  with  our  substance  in 
neutral  solution  and  without  the  use  of  heat.  The  sensitiveness 
of  the  reaction  is  great,  for  in  a  solution  of  anilin  of  a  concentra- 
tion of  one  part  in  256,000  parts  water  there  are  still  indications 
of  the  characteristic  fire-red  precipitate  which  anilin  yields. 
Even  in  concentration  of  one  part  in  1,000,000  an  orange-red 
color  is  still  perceptible.  The  constitution  of  the  reaction  pro- 
duct has  been  worked  out  and  is  expressed  by  the  following 

formula. 

o 
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In  this  reaction  there  is  an  elimination  of  soditmi  sulphite  and 
one  of  the  oxygen  atoms  in  the  naphthaquinone  is  replaced  by 
the  hydroxyl  group. 

The  reaction  with  anilin  has  some  biological  interest,  for  it 
enables  us  to  trace  this  substance  in  the  organism.  The  organs 
of  the  animal  poisoned  with  anilin  are  boiled,  and  a  strong 
watery  solution  of  naphthaquinone  is  applied  to  their  cut  sur- 
faces. The  presence  of  anilin  is  shown  by  the  development  of 
a  red  or  pink  color.  Meta-  and  para-bromanilin  give  a  red  pre- 
cipitate with  our  substance  resembling  that  obtained  with  anilin, 
but  there  is  a  falling  off  in  sensitiveness.  Metabromanilin 
(CgHgBrNH,)  reacts  in  a  solution  of  i  part  in  256,000;  para- 
bromanilin,  in  a  solution  of  i  to  16,000.  In  the  case  of  chloranilin 
we  see  a  similar  difference  in  sensitiveness  in  the  meta  and  ortho 
compoimds,  the  former  reacting  in  solutions  of  i  to  250,000  and 
the  latter  in  i  to  32,000.  The  substitution  of  hydrogen  by  an 
alkyl  group  in  the  amido  group  of  anilin  gives  us  secondary 
amines  of  slight  sensitiveness.  Methylanilin  (C^Hs  NHCH3) 
and  ethylanilin  (CeHsNHCgHj)  react  in  i  part  in  8000. 
The  introduction  of  two  alkyl  radicals  into  the  amido  group  of 
anilin  causes  complete  failure  to  react.     The  introduction  of  a 
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nitro  group  into  anilin  also  causes  a  diminution  of  sensitiveness, 
but  metanitranilin  (NO,  C^H^  NHg)  still  gives  a  red  color  reac- 
tion in  I  part  in  512,000  and  a  precipitate  in  i  part  in  128,000. 
The  ortho  and  para  compounds,  are  much  less  sensitive.  The 
introduction  of  two  negative  radicals  gives  rise  to  a  great  diminu- 
tion of  sensitiveness.  This  is  well  seen  in  dinitranilin  (1-2-4), 
[  (NOg)^  CgH,  NH,].  Three  nitro  groups,  as  in  trinitranilin 
[  (N02)3  CgHg  NH,],  cause  a  failure  to  react,  a,t  least  in 
neutral  solution  and  in  the  cold.  Methylbenzylanilin  (C^Hj 
NCHgCeHjCH,)  and  benzlyanilin  (C^Hg  NHCH,  CeHJ  are 
likewise  negative.  The  introduction  of  a  hydroxyl  group  into 
anilin  in  the  para  position  gives  us  para-amidophenol  (OH  C^H^ 
NHg),  a  compound  which  possesses  a  considerable  degree  of 
sensitiveness.  In  neutral  solution  it  gives  with  our  substance 
a  fine  red,  which  on  the  addition  of  alkali  changes  to  violet  or 
purple.  With  the  aid  of  alkali  it  is  possible  to  detect  the  pres- 
ence of  I  part  of  para-amidophenol  in  250,000  of  water.  This 
reaction  acquires  a  certain  medical  interest  from  the  fact  that 
para-amidophenol  is  given  oflE  from  numerous  anilin  derivatives 
which  are  employed  as  antipyretics.  The  presence  of  para- 
amidophenol  in  the  urine  can  be  detected  by  means  of  the 
naphthaquinone  reaction,  but  I  have  not  had  sufficient  ex- 
perience with  the  reaction  to  be  able  to  state  whether  it  possesses 
any  advantage  over  the  tests  now  in  use.  The  naphthaquinone 
reaction,  however,  possesses  the  interest  which  arises  from  our 
being  able  to  detect  readily  para-amidophenol  in  the  tissues 
by  means  of  it. 

Of  the  aromatic  diamines  two  toluylendiamines  [CeHgCHj 
(NH,)2]  (1-2-4  and  1-3-4)  may  be  mentioned.  Both  give  red 
precipitates  in  neutral  solutions.  The  latter  compound  (1-3-4) 
is  considerably  more  sensitive. 

As  might  be  expected,  toluidine  (CH,  CeH4  NHg)  and  many 
of  its  derivatives  enter  into  condensation  with  the  naphtha- 
quinone compound,  and  the  same  is  true  of  xylidine  [(CH3)2  Cg- 
H3NH,].  Toluidine  gives  a  red  precipitate  which  is  detectable 
in  I  part  in  250,000.  Methyltoluidine,  dimethyltoluidine, 
and  diethyltoluidine  fail  to  react.      On  the  other  hand  various 
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nitro-toluidines  react,  and  for  the  most  part  readily.  The  1-3-6 
compound  can  be  detected  in  i  part  in  236,000;  the  1-3-4  com- 
pound in  a  proportion  of  i  part  in  500,000.  The  remaining  nitro 
compounds  are  less  sensitive.    • 

Other  primary  aromatic  amines  which  react  well  with  our 
substance  are  benzylamine  (CeHg  CH  NHj),  benzylmethyl- 
amine  (CeHg  CNg  NH  CHg),  a-  and  b-naphthylamine  (CjoH, 
NH2),  benzidine  (CeH^NH,  C.H^NH,),  and  phenetidine  (H,N 
CflH^  O  C2H5).  The  latter  substance  can  be  detected  in  i  part 
in  1,000,000  in  watery  solution,  and  in  consequence  of  this  sen- 
sitiveness its  distribution  in  the  organism  may  be  studied  with 
little  difficulty.  It  yields  the  red  color  characteristic  of  aromatic 
amines  and  their  derivatives. 

The  sulphonic  acid  derivative  of  a-naphthylamine  (1-4  naph- 
thylamine-sulphonic  acid — C,oHg  NHg  SO3H)  known  as  naph- 
thionic  acid,  and  much  used  in  the  production  of  dyes,  makes 
salts  which  react  with  our  substance.  Other  naphthylamine 
sulphonic  acids  (1-5,  1-6,  1-7,  2-5,  2-7)  give  similar  red  color 
reactions,  but  these  substances  vary  in  sensitiveness.  The  1-8 
compoimd  gives  an  orange-red.  All  these  substances  should  be 
tested  in  alkaline  solution,  that  is,  the  solutions  of  their  salts 
should  be  rendered  alkaline.  Naphthylamine  disulphonic  acid 
also  reacts,  but  requires  both  heat  and  alkali.  Amidostilbene 
disulphonic  acid  gives  a  violet  color. 

When  a  drop  of  a  2  %  solution  of  naphthaquinone  sodium- 
monosulphonate  is  added  to  a  weak  solution  of  phenylhydrazine 
(CgH5NHNH2)  in  water,  a  purple  violet  color  immediately 
results  without  th^  aid  of  heat.  The  addition  of  potassium 
hydroxide  causes  this  color  to  fade.  More  concentrated  solu- 
tions of  phenylhydrazine  yield  a  red  color  with  our  substance, 
the  depth  of  the  red  increasing  with  the  concentration  of  the 
naphthaquinone  solution.  One  part  of  phenylhydrazine  in 
70,000  parts  of  water  still  gives  the  purple  color.  Benzylphenyl- 
hydrazine  behaves  in  a  similar  manner.  Phenylhydrazine 
oxalate  gives  a  feeble  color  reaction,  but  the  substance  is  only 
slightly  soluble  in  water. 

As  is  well  known,  anilin  forms  addition  products  with  a  num- 
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hex  of  acids.  If  we  take  a  water  solution  of  one  of  these  addi- 
tion products,  e.  g.,  anilin  sulphate  [(CjHgNHg)^  H^SO^],  it  is 
found  to  react  with  the  naphthaquinone  compound,  even  in  the 
presence  of  an  excess  of  acid.  The  same  is  true  of  the  hydro- 
chloric acid  compound. 

Aliphatic  Amines. — ^Among  the  aliphatic  amines  there  are 
some  which  give  distinct  reactions  with  the  naphthaquinone 
compound.  In  general,  substances  of  this  type  yield  a  green 
color.  It  is  of  interest  that  ammonia  itself,  when  mixed  with  a 
solution  of  naphthaquinone  sodium-monosulphonate,  gives  a 
green  color.  Dilute  solutions  of  ammonia  give  a  brown  color. 
As  in  the  case  of  the  aromatic  amines,  it  is  the  primary  amines 
that  give  the  best  reactions;  thus  ethylamine  (NH^  CjHg)  and 
methylamine  (NH,  CHj)  react  in  the  cold  with  a  deep  green 
color.  Excess  of  acids  causes  a  change  to  red.  Dimethylamine 
[NH  (CH3)  2],  on  the  other  hand,  reacts  but  feebly,  with  an  orange- 
red  color.  Triethylandne  [N  (0,115)3]  and  trimethylamine 
[N (0113)3]  give  no  reaction,  as  might  be  predicted.  Amylamine 
[CH3(CH2)3CH,  NH,]  and  hexylamine  [CH3  (CHJ.CH^NHJ 
also  react  with  the  production  of  a  deep  green  color.  On  the 
addition  of  acids  the  former  changes  to  red-orange  and  the  latter 
to  red.  Pentamethylendiamine,  or  cadaverine  (NHg  CHg  CH, 
CHj  CH,  CH2  NH,),  also  gives  a  green  color  reaction,  which 
changes  to  red  on  the  addition  of  acids.  I  had  no  tetramethyl- 
endiamine  (putrescine)  at  my  disposal,  but  it  appears  safe  to 
predict  that  it  will  be  foimd  to  react. 

Aromatic  and  Aliphatic  Amidoacids. — It  has  already  been 
stated  that  substances  containing  the  amido  group  are  apt  to 
react  with  the  naphthaquinone  compoimd.  There  is,  however,  a 
great  difference  between  the  behavior  of  the  amidoacids  and 
the  acid  amides.  The  former,  as  a  rule,  react  readily  and  give 
a  red  color  or  some  shade  of  brown.  The  acid  amides  generally 
fail  to  react.  Among  the  aromatic  amidoacids  may  be  men- 
tioned in  this  connection  the  amidobenzoic  acids  (C0H4  NH  gCO 
OH),  methylamidobenzoic  acid  (para),  and  amidosalicylic  acids. 
Anthranilic  acid  (o-amidobenzoic  acid)  reacts  in  i  part  in  250,000 ; 
and  sulphanilic  acid  (C«H4  NH2  SO3)  is  not  less  sensitive.     Of 
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physiological  interest  is  the  fact  that  amidococaine  is  a  reacting 
substance.  Among  the  aliphatic  amidoacids  we  have.  glycocoU 
(araidoacetic  acid,  NH^  CH,  COOH),  alanin  (amidopropionic 
acid,  NHjj  C3H4  CO  OH),  and  leucin  (C5H10  NH^  CO  OH).^ 

In  contrast  to  the  lability  of  the  amidoacids  stand  the  various 
acid  amides:  thus,  salicylamide  (C^H^  OH  CO  NHg),  benzamide 
(CgHjCONHa),  phthalamide  [C«H4(CO)2(NH2),],  thiobenza- 
mide  (CgHjCS  NHJ,  toluylamide  (CH3  C^H^  CO  NHg),  aceta- 
mide  (CHg  CO  NHg),  proprionamide  (CgHg  CO  NHg),  lactamide 
(CHg  CH  OH  CO  NHg)  fail  to  react,  or  react  so  feebly  as  to  be 
hardly  distinguishable  from  the  controls.  Carbop3rrrolamide 
(C«H4N  CO  NH3)  and  cyanacetamide  (CN  CH,  CO  NH,)  give 
color  reactions  in  alkaline  solutions,  the  former  a  green,  the  latter 
a  purplish  red,  but  these  reactions  depend  on  the  presence  of 
the  pyrrol  nucleus  and  the  acid  methylene  group  respectively. 

Asparagin  (NH3  CO  CH^  CH  NH^  CO  OH)  reacts  with  the 
red-brown  color  noted  in  the  reactions  of  the  acid  amides.  Tyro- 
sin  (OH  C.H^  CHa  CH  NH,  CO  OH)  gives  a  reddish  yellow 
color  deepened  by  alkali  and  intensified  by  acid.  Sarcosin 
(CHg  NH  CHg  CO  OH)  gives  an  orange-red  in  water  solution,  the 
color  deepening  on  the  addition  of  alkali. 

The  color  reactions  of  the  amidoacids  with  the  naphthaquinone 
sodium-monosulphonate  suggest  the  possibility  of  our  being  able 
to  follow  these  substances  (at  least  as  a  group)  in  their  origin 
from  proteid  in  the  intestine  and  during  their  absorption  and 
further  distribution. 

It  should  be  mentioned  here  that  while  carbamide  [urea — CO- 
(NH3)g]  and  biuret  (NHg  CO  NH  CO  NHg)  do  not  react,  the 
urea  derivatives  semicarbazid  (NHg  CO  NH  NHgHCl)  hydro- 
chloride and  thiosemicarbazid  (NHg  CS  NH  NHg)  give  red 
colors  with  the  sulphonate.     The  latter  substance  still  reacts 

3  Not  without  interest  for  physiology  is  the  fact  that  the  hexon  bases  (di- 
amidoacids)  enter  into  color  reactions  with  the  naphthaqtiinone  compound. 
Preparations  of  histidine  chloride,  lysin  picrate,  arginine  nitrate,  and  omithin 
were  submitted  to  me  by  Dr.  Wakeman,  who  prepared  them  in  Kossel's  labora- 
tory. Of  these  substances,  ornithin  was  found  to  react  most  readily.  Dilute 
alkaline  solutions  of  histidine  chloride  gave  an  amethyst  color.  The  other 
hexon  bases  give  the  reddish  colors  usually  observed  with  amidoacids. 
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when  present  in  the  proportion  of  i  part  in  200,000  if  alkali  be 
present.  The  red  which  results  is  a  fine  crimson,  if  the  naphtha- 
quinone  be  used  in  dilute  solution.  It  is  destroyed  by  acid. 
Diphenylcarbazid  also  reacts. 

Color  Reactions  with  Heterocyclic  Compounds. — Among  the 
heterocyclic  compoimds  there  are  some  which  give  with  the  naph- 
thaquinone  soditun-monosulphonate  highly  characteristic  color 
reactions  of  considerable  chemical  and  physiological  interest. 
We  have  to  consider  especially  pyridine  and  piperidine  (and  their 
derivatives),  pyrrol,  thiophene,  and  the  pyrazaol  derivatives,  and 
finally  indol  and  skatol. 

Pyridine  (C5H5N)  either  gives  no  color  reaction  at  all  with 
our  substance,  or  gives  a  reaction  so  slight  that  it  is  with  diffi- 
culty distinguishable  from  a  control.-*  On  the  other  hand,  the 
hexahydro  compoimd,  piperidine  (CjHjoNH),  gives  in  water 
solution  a  fine  scarlet  color  which  gradually  fades.  The  reaction 
is  much  hastened  by  heat.  The  color  is  destroyed  by  alkaUes 
and  acids.  This  reaction  is  a  moderately  delicate  one,  the  color 
being  still  discernible  on  the  addition  of  our  substance  to  a  solu- 
tion of  I  part  of  piperidine  in  32,000  parts  of  water.  This  reac- 
tion with  piperidine  is  probably  to  be  referred  to  condensation 
with  the  labile  imide  (NH)  group  contained  in  this  substance, 
but  the  chemical  nature  of  the  newly  formed  compoimd  has  not 
been  studied. 

Of  the  derivatives  of  pyridine,  the  monomethyl  compound, 
picoline,  is  also  negative  as  regards  color  reaction.  The  dimethyl, 
trimethyl,  and  tetramethyl  pyridines,  known  respectively  as 
lutidine,  collidine,  and  parvuline,  each  yield  scarlet  precipitates 
with  the  naphthaquinone  compoimd.  These  reactions  take  place 
most  readily  in  water  solutions.  Of  the  derivatives  of  piperi- 
dine, a-pipecolin  (CgH^CHjNH)  gives  a  fine  red,  which  is  de- 
stroyed by  excess  of  alkalies ;  this  reaction  is  facilitated  by  heat, 
but  takes  place  in  the  cold.  A-propyl  piperidine  [coniine 
(CgHi^N)]  reacts  to  our  substance  to  make  a  deep  red  color, 
which  is  destroyed  by  acids,  but  not  so  readily  by  alkalies.  An- 
other alkaloid,  nicotine  (CioHj^Ng),  closely  related  to  piperidine, 

♦  Kahlbaum's  pyridine  gave  no  reaction. 
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gives  a  more  characteristic  reaction  with  the  naphthaquinone 
sodium-monosulphonate.  Even  with  a  small  amount  of  the 
sulphonate  the  water  solution  of  nicotine  yields  a  yellow  olive- 
green,  which  gradually  changes  to  reddish  brown.  This  color  is 
destroyed  by  acids  and  alkalies.  The  reaction  is  hastened  by 
heat. 

Of  the  members  of  the  pyridine  carbonic  acid  group,  the  b- 
•compoimd,  nicotinic  acid  (N  C5H4CO  OH),  is  the  only  one  which 
has  yet  been  tried  and  it  proved  negative.  The  members  of  the 
furfurane  group,  including  furfurane,  furfurole,  and  pyromucic 
acid  likewise  failed  to  react.  On  the  other  hand,  pyrrol  (C4H4NH) 
was  found  to  give  a  beautiful  and  characteristic  reaction.  If  a 
solution  of  pyrrol  of  moderate  concentration  be  treated  with  one 
drop  of  a  2  %  solution  of  the  naphthaquinone  compound,  the 
solution  gradually  assumes  a  pink  color  which  soon  changes  to 
purple  or  violet.  The  reaction  is  accelerated  by  boiling  the 
pyrrol  solution  before  adding  the  reagent.  If  the  reaction  be 
carried  on  with  the  aid  of  potassium  hydroxide,  the  sequence  of 
colors  is  somewhat  modified,  the  red  tints  being  prominent  at 
first  and  gradually  changing  to  purple  or  violet,  if  the  excess  of 
alkali  be  considerable.  After  the  color  reaction  has  been  ob- 
tained with  the  naphthaquinone,  either  in  watery  or  distinctly 
alkaline  solution,  the  addition  of  acids  in  excess  occasions  the 
development  of  a  yellowish  green  tint  which,  after  a  time,  fades. 
The  use  of  a  strong  acid,  like  hydrochloric,  occasions  the  im- 
mediate development  of  the  green  tint.  Regarded  as  a  method 
of  distinguishing  pyrrol,  this  color  reaction  cannot  be  said  to  be 
remarkably  delicate,  since  in  greater  dilution  than  i  part  in 
4000  the  colors  are  no  longer  well  marked.  Nevertheless,  the 
naphthaquinone  color  reaction  for  pyrrol  may  be  regarded  as  a 
contribution  to  our  means  of  detecting  this  substance.  Looked 
at  as  a  test  for  the  naphthaquinone  sodium-monosulphonate,  the 
reaction  described  is  of  considerable  interest,  since  even  so  small 
an  amount  as  0.8  of  one  milligram  of  our  substance  yields  the 
typical  color  reaction  with  a  moderately  concentrated  pyrrol 
solution.  Of  course,  we  have  in  anilin  a  substance  with  which 
it  is  possible  to  detect  small  amounts  of  naphthaquinone  sodium- 
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monosulphonate,  but  if  we  take  the  tirine  of  a  rabbit,  to  which 
the  naphthaquinone  compound  has  been  administered,  this  urine 
fails  to  react  with  a  solution  of  anilin.  On  the  other  hand,  I  have 
fotmd  that  such  an  urine,  added  to  a  pyrrol  solution  which  has 
been  boiled,  yields  the  typical  colors  described,  or  at  least  gives 
a  green  coloration  on  the  addition  of  acid.  In  other  words,  I 
have  employed  p3rrrol  successfully  for  the  detection  of  naphtha- 
quinone sodium-monosulphonate  in  the  urine  when  other  re- 
agents have  failed.  The  colored  substances  formed  by  reaction 
of  pyrrol  with  our  sulphonate  in  alkaline  solution  is  readily 
reduced  to  a  colorless  solution  by  the  addition  of  glucose  to  the 
boiling  mixture.  On  the  addition  of  potassium  persulphate  to 
the  colorless  mixture,  the  leuco  body  is  apparently  oxidized  to 
the  original  colored  substance. 

The  iodine  derivative  of  pyrrol  known  as  iodol  [tetraiodo- 
pyrrol — (C4I4NH)],  if  dissolved  in  alcohol  and  water,  reacts 
slowly  with  the  sulphonate.  A  blue  color  results.  Alkali 
should  be  used  in  order  to  get  this  reaction. 

We  have  in  piperidine  and  its  homologues  examples  of  the 
reaction  of  the  imide  (NH)  group  with  the  naphthaquinone  sul- 
phonate. In  pyrrol  we  have  an  example  of  a  similar  reaction,  and 
this  is  probably  true  of  pyrrolidine  (C2H4  CgH^  NH)  or  tetra- 
hydrop>Trol  (tetramethyleneimide).  and  of  pyrrolidine-a-car- 
bonic  acids  (C2H4  CgHs  CO  OH  NH),  a  substance  which  has 
recently  assumed  a  physiological  interest  as  a  cleavage  product 
of  proteid  material.  The  discovery  of  the  pyrrol  reaction  which 
I  have  described  led  me  to  search  for  other  compotmds  con- 
taining the  imide  group,  and  an  interesting  example  of  such  a 
substance  was  found  in  the  cyclic  alkylen  imide  known  to  the  medi- 
cal profession  as  piperazine  (NH  C2H4  C2H4  NH)  and  to  chem- 
ists as  diethylenediamine.     This  substance  contains  two  imide 

5  Dr.  Flexner  was  so  kind  as  to  furnish  me  with  the  active  and  inactive  copper 
salt  of  a-pyrrolidine-carbonic  acid  prepared  by  him.  A  solution  of  this  active 
salt  was  not  changed  by  the  addition  of  a  drop  of  the  2  %  naphthaquinone 
solution,  but  on  the  addition  of  potassium  hydroxide  a  well-marked  red  soon 
developed,  even  in  the  cold.  The  solutions  of  the  inactive  copper  salt  reacted 
more  slowly  under  the  same  conditions  and  perhaps  less  fully,  an  amethyst  color 
being  developed  as  an  intermediate  stage  on  the  way  to  brownish  red. 
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groups,  and  may  be  looked  upon  as  piperidine,  in  which  the 
methylene  group  occupying  the  para  position  to  the  imide  group 
has  been  replaced  by  a  second  imide  group.  It  was  interesting 
to  observe  that  this  substance  in  dilute  watery  solution  reacts 
very  readily  in  the  cold,  with  the  naphthaquinone  sodium-mono- 
sulphonate  with  the  production  of  a  fine  red.^  No  alkali  is 
necessary  for  the  production  of  this  reaction.  I  have  not  been 
able  to  learn  that  there  is  any  other  color  reaction  for  piperazine. 
It  should  be  observed  further  that  piperazine  reacts  much  more 
sensitively  than  piperidine,  which  can  doubtless  be  explained 
through  the  presence  of  the  second  imide  group.  It  will  be  seen 
presently  that  there  are  two  other  heterocyclic  derivatives,  i.  e., 
indol  and  skatol,  which  react  by  virtue  of  their  imide  groups. 
On  the  other  hand,  phthalimide  [CgH4(C0),  NH]  and  carbazol 
(Cfln4  NHCgH4)  gave  no  reactions. 

Thiophene. — It  may  be  remarked  here  that  the  sulphur 
homologue  of  pyrrol,  known  as  thiophene  (C4H4S),  reacts  with 
the  naphthaquinone  substance  in  hot  alkaline  solution,  showing 
a  delicate  purple  which  is  destroyed  by  excess  of  acid. 

Pyrazol  Derivatives. — In  connection  with  the  heterocyclic 
compounds,  I  may  refer  to  the  reaction  noted  in  some  pyrazol 
(UN  N  :  CH  CH  CH)  derivatives.  One  of  the  most  important  of 
these  is  phenylpyrazolone  (HC  NrNCeHj  CO  CHg),  which  reacts 
green  with  our  substance  and  alkali,  but  soon  changes  to  blue,  and 
on  b(  )iling  becomes  greenish  blue.  Excess  of  acids  causes  a  change 
to  yellow-red.  Methylphenylpyrazolone  reacts  similarly.  Di- 
motbylphenylpyrazolone  (CHj  C  N  CH3N  CeHjCO  CH),  or  anti- 
pyrine,  docs  not  react,  and  negative  results  are  also  obtained 
witli  solutions  of  dimethylamidodimethylphenylpyrazolone  or 
pyrumidon.  But  these  antipyretic  drugs  can  readily  be  forced 
to  unite  with  the  naphthaquinone  sodium-monosulphonate.  If 
we  dissolve  ontipyrine  in  water  it  can  readily  be  converted  into 
the  green  nitroso-antipyrine  by  the  use  of  sodium  nitrite  and 
hydn)chloric  acid.  The  nitroso-antipyrine  may  now  readily  be 
reduced  to  the  amido  compoimd  by  means  of  zinc  and  hydro- 

**  Urino  to  which  a  small  amount  of  piperazine  has  been  added  readily  gives 
thii  rraction. 
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chloric  acid.  But  we  have  seen  that  amido  derivatives  of  aro- 
matic compounds  generally  react  with  our  substance.  The 
present  instance  is  no  exception,  and  the  typical  red  reaction  is 
readily  obtained.     Pyramidon  gives  similar  results. 

CONDENSATION    PRODUCTS    OP   THE    BENZENE    NUCLEUS    WITH 

HETEROCYCLIC    NUCLEI. 

In  this  group  we  have  to  consider  certain  quinoline  (CgH7N) 
derivatives,  and  the  far  more  important  substances,  indol  and 
methylindol,  or  skatol.  Of  substances  pertaining  to  the  quino- 
line group,  it  was  foimd  that  quinoline  and  isoquinoline  failed  to 
react  with  the  naphthaquinone  compoimd.  Oxy quinoline,  how- 
ever, in  alkaline  solution  gave  a  deep  olive-green  or  green-brown 
fluid  which,  on  dilution  with  water,  brightened  to  green.  The 
color  is  destroyed  by  acids.  Paratolu-quinoline  [C9Hj(CH3)N] 
in  alcoholic  solution  was  found  to  give  a  deep  red-brown  colora- 
tion on  the  addition  of  a  solution  of  naphthaquinone  sodium- 
monosulphonate.  This  color  was  not  damaged  by  moderate 
excess  of  acids  or  moderate  excess  of  alkali. 

Of  the  various  color  reactions  which  have  been  brought  to  light 
through  experiments  with  the  naphthaquinone  derivative,  none 
are  of  greater  physiological  importance  or  of  more  interest  to  the 
chemist  than  those  which  relate  to  the  behavior  of  indol  and 
skatol.  Although  the  color  reaction  obtained  by  combining  a 
solution  of  indol  with  the  naphthaquinone  derivative  was  known 
to  Professor  Ehrlich,  he  never  obtained  an  opportunity  to  study 
it,  and  no  mention  was  made  of  it  in  the  publication  to  which  I 
have  referred. 

The  course  of  the  color  reaction  between  indol  or  skatol  and 
the  naphthaquinone  compoimd  varies  somewhat  with  the  con- 
ditions imder  which  the  test  is  carried  out.  For  this  reason  it 
is  necessary  to  observe  rather  closely  certain  details  in  order  to 
obtain  comparable  results.  If  we  add  to  the  fairly  dilute  solu- 
tion of  indol  in  water  (say  i  part  indol  in  50,000  of  water)  i  drop 
of  the  2  %  solution  of  the  naphthaquinone  sodium-monosul- 
phonate,  no  reaction  occurs.  On  the  addition  of  a  drop  of 
10  %  solution  of  potassium  hydroxide  there  gradually  develops 
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a  blue  or  blue-green  color,  which  fades  to  green  on  the  addition 
of  an  excess  of  alkali.  On  rendering  acid  the  green  or  green-blue 
solution,  the  fluid  assumes  a  pink  color.  The  development  of 
the  color  reaction  is  markedly  hastened  by  heat.  If,  instead  of 
adding  the  alkali  to  the  indol  solution  in  the  test-tube  after  the 
addition  of  the  naphthaquinone  solution,  one  adds  the  alkali 
previously  to  the  introduction  of  otir  substance,  the  course  of 
the  reaction  is  somewhat  different,  provided  the  concentration  of 
the  indol  solution  be  somewhat  greater  than  that  already  men- 
tioned, and  provided  also  that  the  reaction  be  carried  on  with 
the  aid  of  heat.  Under  these  circumstances  the  blue  color  de- 
velops and  deepens,  but  in  a  short  time  it  becomes  evident  that 
the  precipitation  of  the  new  color  compoimd  is  taking  place. 
At  first  the  indol  compoimd  is  separated  in  fine  particles  which 
coalesce  to  form  larger  ones,  and  which  possess  a  spongy  appear- 
ance, and  after  a  time  rise  to  the  surface,  leaving  the  faintly 
tinted  mother  liquor.  If  particles  of  this  blue  sponge-like  sub- 
stance be  examined  with  the  aid  of  a  microscope,  it  is  found  to 
consist  entirely  of  well-defined  acicular  crystals,  resembling  pine- 
needles  in  shape  and  closely  felted  together.  These  crystals  are 
blue,  and  have  a  diameter  of  about  one  micron  and  a  length  of 
from  fifteen  to  forty  microns.  They  are  very  slightly  soluble  in 
water,  and  considerably  more  soluble  in  alkali.  The  chemical 
nature  of  this  felt-like  substance  is  not  at  present  wholly  clear, 
but  some  facts  regarding  it  have  been  acquired.  A  considerable 
quantity  of  the  new  compound  was  made  by  the  method  just 
outlined,  collected  on  a  filter,  and  washed  with  water.  The 
material  thus  obtained  was  dried  to  constant  weight  and  then 
subjected  to  a  nitrogen  determination  by  Dr.  Wakeman.  The 
proportion  of  nitrogen  contained  in  the  molecule  of  the  new 
substance  was  such  as  would  correspond  closely  to  a  compound 
formed  by  the  union  of  one  molecule  of  naphthaquinone  sodium- 
monosulphonate  with  two  molecules  of  indol. 7     This  result  points 

7  The  percentage  of  nitrogen  in  a  compound  consisting  of  two  molectiles  of 
indol  and  one  of  naphthaqtiinone  raonosulphonate  is  5.669  %.  No  allow- 
ance is  here  made  for  the  elimination  of  one  molectile  of  water,  which  must  occur 
if  the  above  assumption  as  to  the  constitution  of  the  new  compoimd  be  correct. 
Making  this  correction  the  percentage  of  nitrogen  is  5.88  %.     The  percentage 
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to  the  condensation  of  one  of  the  carbonyl  groups  in  the  naphtha- 
quinone  compound  with  the  imide  group  of  two  indol  molecules, 
as  in  the  condensation  of  quinone  and  hydroxylamine  to  form 
quinoneoximes.  It  is  difficult  to  see  how  the  condensation  can 
take  place  with  the  elimination  of  the  sulphonic  acid  group,  as 
occurs  in  the  case  of  the  formation  of  the  naphthaquinone  anilid 
already  mentioned. 

A  highly  interesting  feature  of  the  condensation  product  of 
indol  and  the  naphthaquinone  compoimd  is  its  solubility  in 
chloroform,  acetone,  and  other  solvents,  with  the  production  of 
an  intense  red  color.  If  we  cause  the  formation  of  the  blue 
color  by  bringing  together  indol  and  our  substance  in  the  man- 
ner described  above,  the  blue  color  can  be  quickly  removed  by 
shaking  the  fluid  with  chloroform.  As  the  chloroform  grows 
pinkish-red,  the  blue  color  disappears  from  the  aqueous  solution. 
This  property  is  of  considerable  importance  in  testing  for  indol, 
as  it  serves  to  distinguish-  the  indol  reaction  from  other  reactions 
which  yield  a  similar  color.  The  relation  between  the  red  color 
of  the  solvent  and  the  blue  color  of  the  compoimd  can  be  very 
strikingly  exhibited  by  means  of  the  following  experiment.  A 
small  quantity  of  the  washed  reaction  product  of  indol  and  the 
naphthaquinone  derivative  is  dissolved,  with  or  without  the  aid 
of  heat,  in  acetone.  The  color  of  the  acetone  is  at  first  red  and 
deepens  to  purple-red.  On  diluting  with  water  and  adding 
potassium  hydroxide  the  solution  grows  blue,  and  this  blue  color 
can  readily  be  transformed  to  red  by  shaking  out  with  chloro- 
form, as  already  described. 

The  behavior  of  skatol  is  very  similar  to  that  just  described 
for  indol.  Strong  solutions  of  skatol  yield  a  blue  color  on  the 
addition  of  the  naphthaquinone,  provided  they  have  been  already 
rendered  alkaline.  Weak  solutions  of  skatol  do  not  yield  a  blue 
color,  but  give  rise  to  a  distinct  violet  or  purple  hue.  This  is  the 
most  important  feature  in  the  distinction  of  skatol  from  indol. 

actually  foiind  in  the  new  compound  was  5.819  %.  A  further  confirmation  of 
the  correctness  of  the  above  supposition  as  to  the  nature  of  the  compound  exists 
in  the  fact  that  it  contains  sulphur,  which  it  could  not  contain  were  the  conden- 
sation to  occur  as  in  the  case  of  the  union  with  aniline. 
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By  means  of  the  procedure  which  has  already  been  described  for 
indol,  it  is  possible  to  separate  the  reaction  product  of  skatol 
and  naphthaquinone  sodium-monosulphonate.  The  crystals  in 
this  case  are  of  the  same  form  as  those  described  in  connection 
with  the  indol  compoimd,  and  are  similarly  arranged.  They  are, 
however,  smaller  and  are  violet  in  color.  They  are  soluble  in 
acetone  and  chloroform,  with  a  resulting  brilliant  red  color,  like 
that  described  for  the  solution  of  the  indol  compoimd.  The 
violet  color  obtained  from  skatol  and  the  naphthaquinone  de- 
rivative can  therefore  be  washed  out  of  ordinary  alkaline  aque- 
ous solutions  by  means  of  chloroform. 

The  reactions  of  indol  and  skatol  with  the  naphthaquinone 
compound  are  delicate,  arid  it  is  possible  to  detect  these  sub- 
stances in  alkaline  aqueous  solutions  of  about  one  part  in  one 
million  parts  of  water,  if  suitable  precautions  are  taken  in  mak- 
ing the  test. 

Reactions  of  Phenols. — A  considerable  number  of  phenols  react 
with  our  substance,  but  only  a  few  will  be  mentioned  here. 
Common  phenol  (C«HbOH)  reacts  in  alkaline  solution  with  a 
blue-green  color.  Orthocresol  (CHg  C«H40H)  likewise  reacts 
green,  but  para-cresol  is  insensitive,  and  dinitrophenol  [(NO,)- 
CgHgOH]  also  fails  to  react,  the  acid  groups  here  interfering. 
Trinitrophenol  [(N02)3C6HgOH],  (picric  acid),  is  also  negative. 
Thymol  (C3H,  CeHjCHsOH)  gives  a  blue-green.  Of  the  dihy- 
droxyphenols  resorcin  [CflH4(0H)a  1:3]  gives  a  green  in  alka- 
line solution,  which  is  fairly  sensitive  (in  i  part  in  30,000  of 
water).  Under  certain  conditions  it  is  possible  to  obtain  a  violet 
color  after  the  appearance  of  the  olive-green.  Hydroquinone 
[C«H4(OH)8  1 14]  reacts  brown  in  the  presence  of  alkalies.  Pjrro- 
catechin  [CeH4(OH)2  i  .2]  in  alkaline  solution  gives  with  the  sul- 
phonate  a  red  or  olive  color  (according  to  the  conditions  of  the 
reaction),  which  probably  depends  on  oxidation.  A-naphthol 
gives  a  green  color  with  our  sulphonate,  but  the  reaction  is  not 
delicate;  b-naphthol  does  not  react.  Of  the  trihydroxyphe- 
nols,  phloroglucin  [CeH3(OH)3  1:3:5]  gives  a  blue  in  sodium 
carbonate  solution,  which  alters  in  a  few  minutes  to  blue- violet 
and  on  heating  gives  a  dark  blue.     On  the  addition  of  acids  the 


C.  A.  Herter  17 

• 

color  changes  to  yellow.  It  is  a  general  rule  that  acids  bring 
about  the  decoloration  of  the  phenolic  color  compounds  of  our 
substance,  a  yellow  or  yellow-red  fluid  usually  remaining. 

Pyrogallol  (i  :2 13)  in  alkaline  solution  changes  to  red  on  the 
addition  of  the  sulphonate,  but  I  attribute  this  to  a  further 
oxidation  and  not  to  a  condensation,  for  the  same  result  is  ob- 
tained with  oxidizing  agents.  I  have  already  mentioned  that  the 
reaction  with  resorcin  probably  depends  on  oxidation.  Oxyhy- 
droquinone  [0^118(011)31:3:4]  yields  a  red-brown  in  alkaline 
solution,  and  is  the  most  sensitive  of  the  three  trihydroxyphenols. 

Reactions  Based  on  the  Acid  Methylene  Group. — As  already 
stated  there  are  a  number  of  naphthaquinone  reactions  which 
depend  on  condensation  with  the  methylene  (CHg)  group.  It 
is,  however,  chiefly  in  the  case  of  methylene  groups  which  lie 
between  two  negative  radicals  that  these  reactions  take  place. 
For  our  present  purpose  it  is  not  necessary  to  describe  these 
reactions  in  detail.  The  following  substances  may,  however,  be 
mentioned  as  examples  of  bodies  which  enter  into  reactions  of 
this  type:  acetylacetone  (CH3  CO  CH,  CO  CH3),  benzoylace- 
tone  (C  J  H  5  CO  CH  ,  CO  CH  3 ) ,  acetonedicarbonic  -  et hylester 
(CO3C3H5  CHj),  CO  CH„  desoxibenzoin  (CeHj  CO  CHgCoHg), 
cyanacetamid  (CO3NH3CH3  CN),  acetacetic-et hylester  (CH3  CO 
CHs  C3H5  CO,),  and  benzoylaceticester  (CeHj  CO  CH,  C3H5 
CO,).  Of  these  substances  acetylacetone  and  benzoylacetone 
give  red-brown  colors.  Acetaceticester  and  acetonedicarbonic 
ethylester  yield  orange-red  tints.  Cyanacetamid  gives  an  im- 
mediate red,  which  deepens  in  one  or  two  minutes  to  purple-red, 
but  on  boiling  develops  into  a  deep  red- violet.  All  reactions 
referred  to  in  this  section  are  developed  in  alkaline  solution. 

Compounds  of  Hydrocyanic  Acid. — The  majority  of  the  organic 
compounds  of  hydrocyanic  acid  which  have  been  examined 
failed  to  react  with  naphthaquinone  sodium-monosulphon- 
ate;  thus,  proprionitrile  (CjHgCN),  butyronitrile  (C3H,  CN), 
mandelicacidnitrile  (CeHgCHOHCN),  benzaldehydecyanhydrine 
(CeHjCHOHCN),  acetonecyanhydrine  (CjHeCOHCN),  aldehyde- 
cyanhydrine  (CHsCHOHCN),  and  metatolunitrile  (CH3C6- 
H4CN)  failed  to  react.     Benzylcyanide  (CeHjCHgCN)  gave  a 
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red-brown  reaction  with  alkali,  but  the  reaction  was  feeble. 
Acetonitrile  (CHjCN)  gives  a  similar  reaction.  Malonitrile 
[CHjCCN),]  gives  a  green  color  in  the  cold  without  alkali.  The 
addition  of  caustic  potash  to  the  green  solution  gives  a  deep 
red  which  fades  slowly.  A-naphthonitrile  (CjoH^CN)  reacts 
with  a  deep  red  color  in  the  presence  of .  potassium  hydroxide. 
Orthotolimitrile  and  paratolimitrile  (CHgCeH^CN)  give  red  reac- 
tions with  alkali.     It  may  be  mentioned  in  this  connection  that 

NTT 

guanidine  (CNH<i^fj8)  in  alkaline  solution  gives  a  violet  color 

with  the  naphthaquinone  compound,  while  amidoguanidine  re- 
acts red.  Rhodaninic  acid  in  alkaline  solution  gives  a  deep 
violet. 

Reactions  with  Compounds  of  the  Putin  Base  Type, — Mention 
has  been  made  already  of  the  fact  that  uric  acid,  xanthin,  caf- 
feine, alloxan,  etc.,  in  the  presence  of  an  excess  of  alkali  cause  a 
rapid  browning  of  the  naphthaquinone  compound.  The  nature 
of  the  change  which  the  reagent  imdergoes  is  not  known,  but  it 
appears  to  be  of  the  same  nature  in  all  these  cases.  It  appears, 
moreover,  to  consist  in  an  accentuation  and  acceleration  of  the 
change  which  occurs  when  an  alkaline  solution  of  the  monosul- 
phonate  is  permitted  to  stand. 

A  reaction  of  a  different  sort  is  observed  in  the  case  of  a 
substance  related  to  the  purin  bases,  namely,  murexid,  the  am- 
monium salt  of  purpuric  acid  [CgH4(NH4)N50g].  This  body  con- 
tains five  imide  groups,  four  of  which  pertain  to  the  two  alloxan 
radicals  which  are  imited  through  the  fifth  imide  group.  It 
seems  likely  that  it  is  the  presence  of  this  fifth  imide  group  which 
causes  the  murexid  reaction  to  differ  from  the  reactions  above 
mentioned. 

If  one  adds  to  a  water  solution  of  murexid  in  a  test-tube  one 
drop  of  a  2  %  solution  of  our  monosulphonate,  only  a  slight 
yellow  coloration  occurs  in  the  fluid.  But  on  the  addition  of 
three  or  four  drops  of  a  lo  %  solution  of  potassium  hydroxide, 
there  gradually  develops  (without  the  aid  of  heat)  a  fine  violet 
color,  which  ultimately  deepens  considerably  and  then  fades. 
The  addition  of  an  excess  of  naphthaquinone  leads  to  the  pro- 
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duction  of  a  red  fluid  which  may  deepen  to  brown,  and  which 
on  dilution  may  assume  a  green  tinge. 

I  have  not  been  able  to  find  any  description  of  another  color 
reaction  for  murexid. 

Reactions  of  Substances  containing  StUphur. — It  was  fotmd  in 
the  course  of  experiment  that  many  substances  containing  sul- 
phur react  with  the  naphthaquinone  compoimd  in  a  characteris- 
tic way.  The  addition  of  the  sulphonate  to  a  solution  of  sodium 
sulphide  causes  the  immediate  formation  of  a  dark  brown  (some- 
times black)  reaction  product,  which  after  a  few  seconds  disap- 
pears, leaving  the  solution  light  red.  This  behavior  is  probably 
due  to  reduction .  By  the  use  of  a  great  excess  of  the  naphtha- 
quinone compound  it  is  possible  to  obtain  a  permanent  dark 
brown  color.  Similar  results  are  obtainable  by  passing  a 
stream  of  hydrogen  stdphide  through  a  naphthaquinone  solution 
and  then  adding  alkali. 

Observations  were  made  on  several  mercaptans,  including 
benzylmercaptan  (C^Hj  CHg  SH),  butylmercaptan  (C4HgSH), 
and  ethylmercaptan  (CgHjSH).  All  gave  a  brown  color  similar 
to  that  which  was  obtained  in  the  case  of  inorganic  sulphides. 
It  was  noticed  that  when  acid  was  added  in  excess  to  a  solution 
in  which  the  brown  reaction  product  had  been  formed,  the  brown 
color  gave  way  to  a  yellow-green  fluid  exhibiting  opalescence. 
A  similar  but  less  pronotinced  decolorization  opalescence  was 
noticed  in  the  case  of  ethylmercaptan.  Slight  opalescence  was 
still  noticeable  in  a  water  solution  of  one  part  of  the  mercap- 
tan  in  about  20,000  of  water.  I  think  this  behavior  of  ethyl- 
mercaptan may  prove  useful  to  chemists  as  an  adjuvant  to  the 
usual  test  with  a  mercuric  compotmd.  The  opalescence  is  ap- 
parently due  to  the  separation  of  sulphur.  This  separation  is 
more  marked  in  solutions  of  soditim  sulphide  and  ammonium 
sulphide. 

Various  sulphur  derivatives  of  urea  give  a  brown  color  with 
our  sulphonate,  the  color  disappearing  rapidly  unless  a  consider- 
able excess  of  the  naphthaquinone  compotmd  has  been  used. 
But  these  urea  derivatives  react  only  after  the  employment  of 
heat  and  alkali. 
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Various  proteids  and  allied  bodies  (fibrin,  caseine,  gelatin) 
behave  like  the  thioureas,  and  it  may  be  surmised  that  their  ca- 
pacity to  give  this  reaction  depends  on  the  presence  of  sulphur  in 
some  cleavage  product. 

The  thioureas  tested  were  thiourea  [(NH5,)2CS],phenylthiourea 
(CS  NHjj  NHCeHg),  and  allylthiourea  (thiosinamine— CS  NH, 
NHC3H5). 

In  testing  for  proteids  and  for  thioureas  it  is  of  the  first  im- 
portance to  make  a  careful  control  observation  with  the  naphtha- 
quinone  compoimd,  for  this  gives  a  brown-red  color  when  boiled 
with  alkali.  If  we  take  two  test-tubes,  one  containing  a  hot- 
water  solution  of  a  definite  (considerable)  quantity  of  potassium 
hydroxide  alone,  and  a  second  containing  proteid  which  has  been 
boiled  with  the  same  amount  of  potassium  hydroxide,  and  add  to 
each  tube  one  or  two  drops  of  the  naphthaquinone  solution,  the 
reaction  of  the  proteid  is  obvious  and  is  especially  marked  in 
the  first  seconds.  But  if  the  comparison  be  carelessly  made, 
with  excess  of  the  reagent,  the  reaction  may  be  masked.  Red 
succeeds  the  original  evanescent  brown.  The  proteids  give  the 
sulphur  (?)  reaction  even  after  the  boiled  solution  has  been 
cooled. 

Reactions  of  Proteids, — No  thorough  study  of  the  reactions  of 
the  sulphonate  with  proteids  has  been  made,  but  it  is  certain  that 
such  reactions  occur.  Edestin  furnished  me  by  Mr.  F.  Under- 
bill caused  a  reddening  of  the  naphthaquinone  solution  when 
treated  with  potassium  hydroxide.  Merck^s  mucin  yielded  a 
dark  brown,  and  casein  (impure)  behaved  similarly,  the  color 
being  transient.  Witters  peptone  (chiefly  albumoses)  caused 
some  browning  of  the  reagent.  Small  quantities  of  proteid  have 
little  effect.  Crystalline  leucylglycyl  prepared  by  Dr.  Flexner  in 
the  laboratory  of  Emil  Fisher  gave  a  green  color  in  the  presence 
of  the  monosulphonate,  but  heat  and  alkali  were  required  to 
develop  this.  In  all  experiments  with  proteids  it  is  of  the  utmost 
importance  that  the  controls  be  carefully  made,  for  heat  and 
alkali  act  on  the  mono-sulphonate  to  cause  changes  in  the  color 
of  this  substance,  due  to  tmknown  changes  in  constitution.  A 
study  of  the  proteid  group  reactions  is  now  in  progress. 
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Unclassified  Reactions. — The  list  of  subjects  already  mentioned 
as  reacting  with  our  sulphonate  to  yield  color  reactions  may 
perhaps  be  fairly  regarded  as  representative,  but  it  certainly  is 
not  exhaustive.  Reactions  have  been  observed  with  a  number 
of  substances  which  belong  in  the  categories  here  adopted,  and 
it  is  safe  to  predict  that  many  more  will  be  found  in  time.  Some 
substances  give  reactions  which  it  is  not  possible  to  classify  at 
present.  Thus  nitrourethane  (NO2  NH  COjCjHj)  gives  a  blue- 
violet  in  alkali,  trinitrotoluol  [CHj  CeH^  (N02)3]  ^  brown-red, 
pyrotartaric  acid  ethylester  (CH,  CO  CO 2  C  Hj)  a  deep  green, 
acetone  (CH,  COCH,)  a  pink  color,  and  Michler's  ketone  or 
tetramethyldiamidodiphenylketone  [  (CH  3)8NCcH4COCgH4 
N  (CH3),]  a  deep  red  in  alkaline  hot  alcoholic  solution.  This  re- 
action is  of  no  diagnostic  value  and  is  difficult  to  demonstrate. 

ON  THE  METHOD  OP  USING  THE  NAPHTHAQUINONE  COMPOUNDS. 

As  much  depends  upon  the  way  in  which  our  compound  is 
used  in  making  tests,  it  is  desirable  in  examining  any  substance 
with  a  view  to  finding  whether  it  gives  a  color  reaction  to  follow 
a  definite  order  of  procedure  and  to  observe  certain  precautions. 
If  the  substance  to  be  examined  is  an  acid,  its  solution  should 
be  neutralized  before  adding  the  naphthaquinone,  as  a  free  acid 
is  apt  to  decolorize  any  colored  body  that  may  be  formed.  On 
the  other  hand,  if  the  solution  to  be  tested  is  naturally  alkaline 
to  litmus,  or  has  been  rendered  alkaline  by  the  addition  of  an 
alkaline  carbonate  or  hydroxide,  the  important  influence  of 
alkali  in  deepening  the  color  of  the  naphthaquinone  solution 
must  be  kept  in  mind.  It  is  necessary  in  such  instances  to  make 
a  control  observation  on  a  solution  of  the  reagent,  to  which  has 
been  added  an  amoimt  of  alkali  comparable  to  that  used  in  the 
test.  Similarly  it  is  essential  to  remember  that  even  the  weak 
solutions  of  naphthaquinone  sodium-monosulphonate  are  greatly 
deepened  in  color  when  boiled  in  the  presence  of  alkali.  A  mod- 
erately concentrated  watery  solution  of  naphthaquinone  sodium- 
monosulphonate  assumes  a  deep  red-brown  color  on  boiling  with 
potassium  hydroxide.  It  is  therefore  important  to  take  account 
both  of  the  quantity  of  alkali  used,  and  of  the  concentration  of 
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the  reagent.  The  nature  of  the  alkali  is  not  a  matter  of  indiffer- 
ence, for  many  substances,  which  give  a  reaction  with  the  naph- 
thaquinone  compotmd  in  the  presence  of  caustic  potash,  do  not 
give  this  reaction  in  the  presence  of  sodium  carbonate. 

When  the  substance  to  be  tested  has  been  brought  into  solu- 
tion in  water  a  few  drops  of  a  2  %  aqueous  solution  of  the  naph- 
thaquinone  compotmd  are  added.     If  no  color  appears  a  few 
drops  of  a  20  %  solution  of  caustic  potash  are  introduced.     If 
there  is  still  no  color  reaction  the  mixture  in  the  test-tube  may 
be  boiled,  and  the  color  which  develops  is  compared  with  that 
of  the  control,  made  as  above  mentioned.     The  effect  of  acetic 
acid  and  of  mineral  acids  should  be  tried  separately  upon  the 
alkaline  solution  as  well  as  upon  the  neutral  mixture.     It  is  not 
always  a  matter  of  indifference  whether  we  add  the  alkali  before 
or  after  the  introduction  of  the  naphthaquinone  compotmd. 
Thus  in  preparing  the  reaction  product  of  our  substance  with 
indol,  it  was  foimd  best  to  render  the  indol  solution  alkaline 
before  introducing  the  naphthaquinone  compotmd.     The  con- 
centration of  the  substance  to  be  tested  sometimes  exerts  a  dis- 
tinct influence  on  the  result  of  the  test.     For  example,  a  strong 
solution  of  resorcin  to  which  a  few  drops  of  a  20  %  solution  of 
caustic  potash  has  been  added  assumes  a  red  color,   and  this 
color  remains  on  dilution  with  water.     The  addition  of  potas- 
sium hydroxide,  however,  brings  out  the  characteristic  green 
color.     The  nature  of  the  solvent  must  be  taken  into  considera- 
tion at  times,  and  the  same  solvent  must  be  used  in  making  the 
control  observations.     In  the  case  of  solutions  where  acetone  or 
a  mixture  of  acetone  and  water  is  used,  it  must  be  remembered 
that  the  naphthaquinone  reagent  gives  a  ruby-red  or  pink  color 
with  this  ketone.     Further  details  need  not  be  mentioned,  as 
they  will  suggest  themselves. 

BIOLOGICAL   APPLICATIONS. 

In  consequence  of  the  properties  which  have  already  been 
described  or  mentioned,  the  naphthaquinone  sodium  mono-sul- 
phonate  possesses  a  number  of  biological  applications.  The 
number  of  applications  known  to  us  at  present  is  few  com- 
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pared  to  those  which  experiment  will  show  tis  to  exist.  What 
we  know  at  the  present  time  of  the  biological  uses  of  the  sub- 
stance can  be  best  discussed  imder  three  headings;  first,  the  dis- 
tribution of  the  aromatic  compoimds  in  the  Uving  organism; 
second,  the  occurrence  of  syntheses  in  the  Uving  organism;  and, 
finally,  the  action  of  certain  naphthaquinone  color  compounds  in 
the  body. 

DISTRIBUTION  OF  AROMATIC  COMPOUNDS. 

The  study  of  the  distribution  of  those  aromatic  compoimds 
which  react  readily  with  naphthaquinone  sodium-monosulphon- 
ate  is  only  in  its  first  stage  of  development ;  but  the  experiments 
already  made  show  that  by  means  of  our  substance  there  is 
much  to  be  learnt  regarding  the  relation  of  the  distribution  of 
substances  and  their  chemical  constitution.  The  few  experi- 
ments which  have  been  made  up  to  the  present  time  relate  espe- 
cially to  the  distribution  of  antipyretic  drugs.  In  this  class  we 
have  the  derivatives  of  anilin,  like  phenetidine,  phenacetine, 
acetanilid,  and  paraamidophenol,  and,  furthermore,  pyrazolone 
derivatives,  including  antipyrine  and  dimethylamidoantipyrine  or 
pyramidon.  In  experiments  made  recently  with  Mr.  Frederic 
Bartlett  it  was  fotmd  that  these  various  substances  could  be 
detected  without  much  difficulty  in  the  liver  and  kidneys  of 
rabbits  a  few  hours  after  the  administration  of  fairly  large  doses. 
In  some  instances  the  quantity  foimd  in  given  weights  of  liver 
pulp  approximated  the  quantities  obtained  from  the  treatment 
of  the  nervous  system,  if  one  may  judge  from  the  intensity  of 
the  color  reactions.  The  preparation  of  the  liver  pulp  differed 
somewhat  according  to  the  substance  sought.  Alcohol  was  used 
in  the  extraction  of  substances  which,  like  phenacetin  and  ace- 
tanilid, are  not  readily  soluble  in  water.  The  proteids  were  pre- 
cipitated in  most  instances  by  means  of  acetic  acid,  the  filtrate 
being  concentrated  and  neutralized  before  the  application  of  the 
naphthaquinone  test.  In  the  case  of  phenetidine  and  paraamido- 
phenol which  react  directly,  no  further  steps  were  necessary 
before  applying  the  reagent.  Phenacetin  and  acetanilid,  how- 
ever, do  not  react  directly,  and  it  was  necessary  to  decompose 
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the  molecule  by  boiling  with  dilute  sulphuric  acid  before  apply- 
ing the  naphthaquinone  test.  The  anilin  stilphate  thus  formed 
reacts  with  the  sulphonate. 

The  detection  of  antipyretics  in  the  cells  of  the  liver,  freed  as 
far  as  possible  from  blood,  is  an  observation  of  some  clinical  in- 
terest, because  it  shows  that  other  parts  of  the  body  besides  the 
nervous  system  take  up  the  substances.  This  fact  should  awaken 
us  to  the  possibility  of  damaging  other  parts  of  the  organism  than 
the  nervous  system,  by  the  indiscreet,  long-continued  use  of 
analgesic  antipyretic  drugs. 

Among  the  substances  which  it  would  be  of  interest  to  trace  in 
the  organism  by  means  of  our  compotind  may  be  mentioned  the 
derivatives  of  salicylic  acid  and  cocaine;  whereas  salycilamid 
does  not  react  with  the  naphthaquinone  compotind,  amido- 
salicylic  acid  enters  into  a  color  reaction  and  can  probably  be 
traced  by  means  of  this.  Cocaine  does  not  react  with  our  sub- 
stance, but  on  the  introduction  of  the  amido  group  gives  us  a 
substance  which  reacts  similarly  to  aromatic  amines.  It  is  true 
that  the  anaesthetic  action  of  cocaine  is  somewhat  diminished 
through  this  substitution,  but  since  this  physiological  eflfect  is  not 
destroyed,  a  knowledge  of  the  distribution  of  amidococaine  in 
the  organism  might  prove  of  some  interest.  It  seems  reasonable 
to  believe  that  by  the  aid  of  our  sulphonate  it  would  be  possible 
to  trace  the  passage  of  many  organic  substances  into  the  interior 
of  the  eye. 

A  promising  field  of  investigation  appears  to  me  to  be  the  ex- 
cretion of  aromatic  compounds  through  the  bile.  Of  the  many 
substances  which  react  with  our  sulphonate  there  are  certainly  a 
number,  and  probably  many,  which  find  their  way  into  the  bile. 
The  selection  from  these  of  the  most  highly  bactericidal  and 
least  toxic  for  the  mammalian  organism  might  prove  of  use  in 
preventing  and  combating  infections  of  the  bile  passages. 

EXPERIMENTAL   SYNTHESES   IN   THE   LIVING   ORGANISM. 

It  is  natural  that  so  reactive  a  substance  as  the  naphthaquinone 
sodium-monosulphonate  should  have  led  to  endeavors  to  bring 
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about  syntheses  with  the  living  body.  Experiments  having  this 
end  in  view  were  begun  in  the  laboratory  of  Professor  Ehrlich, 
and  some  of  these  were  referred  to  in  the  conjoint  publication 
already  mentioned.  It  will  not  be  out  of  place  to  refer  here  to 
these  experiments,  and  to  certain  additional  ones  that  have  since 
been  tmdertaken,  although  the  results  that  have  been  obtained 
up  to  the  present  represent  only  a  partial  degree  of  success. 

Observations  made  by  means  of  intravenous  infusion  of  the 
naphthaquinone  sodium-monosulphonate  gave  results  that  were 
so  little  encouraging,  that  trials  were  made  with  the  correspond- 
ing disulphonate.  This  substance  possesses  a  second  sulphonic 
acid  group  in  the  6  position,  as  the  following  formula  indicates : 


SO.Na 

This  secondary  sulphonic  acid  group  is  not  eliminated  in  the 
course  of  ordinary  condensations  with  other  substances.  The 
disulphonate  is  less  toxic  than  the  monosulphonate,  and  confers 
increased  solubility  not  only  on  the  substance  itself,  but  on  its 
reaction  products.  The  dyes  formed  through  the  reactions  of 
the  disulphonate  assume  the  character  of  acid  dyes.  - 

The  first  experiments  tmdertaken  were  made  with  anilin  with 
the  intention  of  developing  a  neutralizing  antitoxic  action.  This 
undertaking  was,  however,  wholly  imsuccessful,  for  although  the 
red  product  of  condensation  could  be  detected  in  the  bile,  there 
was  no  evidence  of  an  actual  synthesis  in  the  living  cells.  This 
fact  is  in  itself  of  considerable  physiological  interest,  for  it  in- 
dicates that  certain  cells,  like  those  of  the  liver,  are  capable  of 
holding  apart  substances  in  spite  of  the  fact  that  they  possess  a 
strong  chemical  affinity  for  one  another.  The  explanation  of  this 
probably  lies  in  the  different  destinations  of  the  two  substances 
in  the  cell  territory.  This  idea  seems  not  improbable  when  one 
reflects  that  the  different  intracellular  enzymes  must  be  con- 
ceived to  operate  in  physiologically  separate  portions  of  individ- 
ual cells.     The  proof  that  both  substances  exist  side  by  side 
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lies,  of  course,  in  the  presence  of  their  reaction  product  in  the 
bile.  Although  a  portion  of  the  naphthaquinone  compound  is 
undoubtedly  reduced  in  the  organism  to  the  corresponding  hydro- 
naphthaquinone  derivative,  my  experiments  show  that  a  portion 
of  the  unreduced  substance  finds  its  way  as  such  into  the  urine. 
Hence  we  cannot  attribute  the  failure  to  obtain  a  sjmthesis  with 
anilin  to  the  occurrence  of  complete  reduction  in  the  body. 

Better  success  attended  efforts  to  induce  synthesis  with  the 
amidobenzoic  acids  and  with  a-naphthylamine  sodium  sulphon- 
ate,  which,  injected  into  the  subcutaneous  connective-tissues  or 
into  the  muscles  simultaneously  with  the  infusion  of  a  2  % 
solution  of  naphthaquinone  sodium-disulphonate,  is  seen  to  be 
followed  by  a  reddening  of  the  structures  about  the  seat  of  in- 
jection. The  best  results  were  obtained  with  o-amidobenzoic 
(anthranilic)  acid.  This  reddening  depends  on  the  formation  of 
the  reaction  product  of  the  sodium  anthranilate  (or  other  aro- 
matic amido  compound)  with  the  naphthaquinone  derivative. 
In  another  set  of  experiments  partial  sjmtheses  were  induced  in 
the  living  cells,  if  we  may  judge  from  the  coloration  of  the  tissues. 
The  most  successful  results  were  obtained  by  infusing  a  solution 
of  the  naphthaquinone  sodium  disulphonate  in  one  vein,  while  a 
solution  of  a  neutralized  amidoacid  was  infused  in  the  corre- 
sponding vein  on  the  other  side ;  the  two  solutions  being  alter- 
nately infused.  But  although  some  degree  of  success  was  attained 
in  this  way,  it  could  easily  be  shown  that  small  portions  ofc  the 
substances  entered  into  reaction  with  each  other.  This  was  in- 
dicated by  the  fact  that,  if  the  mixture  of  the  substances  under 
consideration  was  affected  outside  the  body  previous  to  infusion, 
the  coloration  of  the  cells  was  considerably  deeper  than  in  the 
cases  where  these  substances  were  invited  to  unite  within  the 
living  organism. 

A  number  of  experiments  have  been  made  with  a  view  to  de- 
termining whether  a  synthesis  between  indol  and  the  disulphon- 
ate is  effected  within  the  living  organism.  Experiments  of  this 
sort  are  of  considerable  physiological  importance  on  accoimt 
of  the  part  played  by  indol  in  connection  with  certain  human 
cases  of  excessive  intestinal  putrefaction.     The  evidence  indicates 
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that  a  partial  synthesis  does  actually  occur  in  the  organism. 
The  most  significant  facts  bearing  on  this  point  are  the  following. 
If  a  rabbit  be  infused  intravenously  with  a  saturated  watery 
solution  of  indol,  in  such  a  way  that  from  V?  gm.  to  ^n  gm.  of 
indol  be  introduced  in  the  cotirse  of  about  thirty  minutes,  the 
animal  develops  fibrillar  twitching  (chiefly  about  the  face) ; 
shows  a  greatly  increased  excitability  of  the  reflexes  and  secretes 
urine  containing  an  abundance  of  indoxyl  salts.  If,  however, 
such  an  infusion  of  indol  be  accompanied  by  a  simultaneous  in- 
travenous infusion  of  ?V  gm.  to  V s  gm.  of  naphthaquinone  sodium 
disulphonate  in  watery  solution,  the  fibrillation  caused  by  indol 
alone  does  not  appear,  nor  is  the  excitability  of  the  reflexes 
heightened.  Furthermore,  there  is  only  a  moderate  increase  in 
the  indoxyl  compotmds  of  the  urine.  There  are,  in  such  cases  of 
simultaneous  infusion  of  the  disulphonate  and  indol,  a  temporary 
suppression  of  urine  and  some  diarrhoea.  The  suppression  may 
be  followed  by  the  appearance  of  haemoglobin  and  granular  casts 
in  the  urine.  Apparently  similar  conditions  may  be  induced  by 
the  intravenous  infusion  of  a  solution  of  the  crystalline  reaction 
product  which  has  been  already  described  in  connection  with  the 
discussion  of  indol. 

Whether  the  detoxicating  influence  of  the  naphthaquinone 
compound  will  lend  itself  to  therapeutic  application  is  doubtful, 
as  the  results  obtained  with  intravenous  infusions  point  only  to 
a  partial  sjmthesis  at  best,  and  the  conditions  cannot  be  assumed 
to  be  the  same  as  those  that  would  follow  the  ingestion  of  the  sub- 
stances in  question.  I  have  not  been  able  to  diminish  distinctly 
the  indican  yielded  by  the  urines  of  experimental  animals  by 
administering  a  sulphonate  by  the  mouth,  but  this  may  be  partly 
owing  to  the  fact  that  a  portion  of  the  indol  absorbed  from  the 
gut  is  converted  by  the  intestinal  epithelium  into  indoxyl  and 
then  paired  with  sulphuric  acid.  Experiments  designed  to  com- 
pel the  tmion  of  indol  with  a  sulphonate  in  the  gut  have  not 
yet  been  made,  but  will  be  undertaken.  B-naphthaquinone,  a 
substance  very  slightly  soluble  in  water,  reacts  very  slowly  with 
indol  and  may  possibly  have  advantages  as  an  intestinal  detoxi- 
cating agent. 
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ON  THE  BEHAVIOR  OP  SOME  PRODUCTS  OP  THE   NAPHTHAQUINONE 
SULPHONATES    WITH   DIMETHYLPARAPHENYLEN- 
DIAMINETHIOSULPHONIC   ACID. 

When  the  naphthaquinone  sodium-disulphonate  is  brought  into 
relation  with  a  solution  of  dimethylparaphenylendiaminethio- 
sulphonic  acid  in  equi-molecular  quantities,  there  occurs,  under 
suitable  conditions,  a  synthesis,  which  results  in  a  violet  dye 
possessing  the  following  constitution. 

o 

OH 


SO.Na^^^X^ 

N 


0 


S    SO.Na 

N(CH,), 

which  is  easily  converted  into  a  thiazine  derivative 

o 

jOH 
SO.Nak  >v  Js 


00a 


with  the  elimination  of  sulphurous  acid.  This  dyestuff ,  which  is 
known  to  the  trade  as  indochromogen  S,  forms  a  readily  soluble 
alkali  salt,  a  solution  of  which  possesses  only  a  moderate  grade 
of  toxicity  for  rabbits,  intravenously  infused.  Thus  from  50  to 
80  cubic  centimetres  of  a  2  %  solution  may  be  infused  intraven- 
ously at  the  rate  of  2  cc.  per  minute,  usually  without  bringing 
about  death  during  the  infusion.  If  we  examine  an  animal  which 
has  been  infused  in  this  manner  with  a  solution  of  indochromogen 
S,  the  skin  and  connective  tissues  will  be  found  to  be  colored  very 
deep  blue,  the  cartilages  feebly  colored,  and  the  muscles  green. 
The.  pancreas,  the  salivary  glands,  the  fat,  and  the  nervous  sys- 
tem remain  imcolored  after  moderate  sized  injections;  but  if 
the  infusion  be  larger  the  gray  substance  of  the  brain  is  colored 
a  dirty  violet.     A  highly  interesting  feature,  and  one  accidentally 
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observed  in  Ptx)fessor  Ehrlich's  laboratory,  is  the  complete  filling 
of  the  system  of  bile  capillaries  in  the  liver,  which  is  easily  de- 
monstrable in  frozen  sections. 

A  noteworthy  feature  of  this  injection  is  that  it  involves  only 
the  capillaries  of  the  biliary  system,  which  are  almost  tmiformly 
distended,  and  thus  give  rise  to  a  strikingly  fine  histological 
picture.  These  easily  prepared  pictures  are,  I  think,  superior  to 
any  staining  of  the  bile  capillaries  by  methods  now  in  vogue,  and 
demonstrate  without  difficulty  the  intracellular  terminations 
of  these  vessels.  Dr.  W.  R.  Williams  has,  at  my  suggestion, 
worked  with  this  method  in  my  laboratory  on  the  livers  of 
animals  which  have  been  poisoned  with  phosphorus,  with  iodide 
of  potassium  and  with  toluylendiamine  (i  -.3:4),  with  a  view  of 
studying  the  biliary  capillaries  in  these  conditions  of  poisoning. 
In  normal  animals  subjected  to  infusions  of  indochromogen  the 
bile  and  connective-tissues  are  stained  blue,  notwithstanding  the 
violet  color  of  the  introduced  dye.  This  blue  dye,  as  it  occurs  in 
the  bile,  can  be  shown  to  differ  in  its  chemical  character  from  the 
indochromogen.  In  the  experiments  upon  animals  poisoned 
with  toluylendiamine  and  subsequently  infused  with  the  indo- 
chromogen solution,  the  blue  dye  failed  to  find  its  way  into  the 
bile  and  the  bile  capillaries  in  the  liver  were  only  partially  filled. 
A  fuller  report  on  the  behavior  of  the  indochromogen  under 
pathological  conditions  will  be  given  elsewhere. 

If  we  bring  a  solution  of  dimethylparaphenylendiaminethio- 
sulphonic  acid  into  relation  with  the  naphthaquinone  sodium- 
monostilphonate  instead  of  the  disulphonate,  we  obtain  a  dye 
which  differs  from  indochromogen  S  in  several  respects,  and 
affords  an  instructive  example  of  the  influence  of  chemical  con- 
stitution upon  the  distribution  of  organic  substances  in  the  living 
organism. 

This  dye  has  a  purple- violet  color,  is  less  soluble  than  the  in- 
dochromogen, and  is  considerably  more  toxic.  If  infused  into 
living  rabbits  this  coloring  matter  gives  rise  to  a  wholly  different 
picture  from  that  obtained  from  the  indochromogen.  The  con- 
nective-tissues are  colored  faintly  violet;  the  fat  and  the  gray 
substance  of  the  brain  are  dyed  respectively  purple-red  and  deep 
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purple.  The  pancreas,  which  in  the  indochromogen  experiments 
was  uncolored,  is  here  dyed  purple.  This  behavior  in  the  or- 
ganism can  only  be  referred  to  the  influence  of  the  elimination  of 
that  second  sulphonic  acid  radical,  which,  in  the  case  of  the 
indochromogen,  is  located  in  the  second  naphthaline  nucleus. 
The  acid  chanicter  of  the  indochromogen  was  destroyed  thrcnigh 
the  loss  of  this  second  sulphonic  acid  group,  and  the  dye  acquired 
certain  characters  that  pertain  to  basic  dyestuffs.  Among  these 
is  the  property  to  enter  readily  into  the  fat  tissue  and  the  gray 
substance  of  the  central  nervous  system.  This  property  is  one 
which,  as  Professor  Elirlich  first  indicated,  is  apt  to  pertain  to 
tliose  b[isic  (lyes  which  readily  diffuse  into  ether. 

Although  no  thorough  study  of  the  toxicology  of  the  naphtha- 
(juinone  sulplionates  has  yet  been  made,  it  is  certain  that  these 
iKxliciS  do  not  l)elong  in  the  category  of  extremely  poisonous  sub- 
stances. Tims  a  dose  of  i  gram  of  the  monostdphonate  by 
niouth,  wliile  usually  terminating  fatally  in  a  rabbit  weighing 
I  500  ^'nuns,  does  not  invariably  produce  death.  A  dose  of  this 
size  is  always  followed  by  some  prostration,  diarrhoea,  and  fre- 
(|U(Mit  micturition.  The  urine  contains  both  reduced  and  imre- 
ducctd  n.'ii)htba(iuinone  sulphonate  and  sometimes  haemoglobin. 
Tlic  infusion  of  o.i  j^^ram  intravenously  in  the  course  of  thirty 
minutes  is  jj^cncnilly  followed  by  death. 

Dr.  P;irk  has  very  kindly  investigated  the  bactericidal  activity 
(){  tlic  monos\di)lionatc.  The  results  are  indicated  in  the  foUow- 
in^(  statement  : 

IISClMMriDAL    SlkKNC  IM     OF     N  ATII  I  II  A  QTI NONK    MONOSULPHONATE    IN    WATERY 
SOIJVIION     ri'ON    TYIMIOII)    BACILLI    FROM    A    CULTURE    WHICH    HAD 
HKKN    KKPT    ON    ARTIFICIAL    MEDIA    FOR   ONE    YEAR. 

Tyi»hoi<l  l.acilli  from  houillon  culture,  50,000  to  each  cc.  of  distilled  water  or 
diMilh'^l  \v:ilrr  with  (li^iiifcct.int  added;   .^,\f.  cc  amount  plated. 


Tyi»h(»id 

H.K 

cilli  ]»reseiit 

onKin; 

dly 

in 

all  a])pr()xi- 

mately 

50. 

,000. 

Aft. 

L-r  5  min. 

10  min. 

30  min. 

60  min. 

20  hrs. 

Distilled  Water 

• 

50,000 

50,000 

50,000 

50,000 

35.000 

1 1 

1 1 

and  .1  ^  N.S. 

50,000 

50,000 

50,000 

40,000 

0 

•  1 

1 1 

and  .5   %     •• 

30,000 

10,000 

500 

0 

0 

i  • 

1 1 

and  I.   % 

0 

0 

0 

0 

0 

t  < 

«i 

and  1.5%    •• 

0 

0 

0 

0 

0 
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Colon  Bacilli.                             After  5  min.  10  min.  30  min. 

Control  in  .00001  cc 52 

In.i%N.S 38  37  45 

In.5  %     •• 18  3  o 

In  I    %     ** o  o  o 

B.  pyocyanetis.                         After  5  min.  10  min. 

Control  in  .00001  cc 66  60 

In.5    %  N.S o  o 

In  i.o  %     *' o  o 

The  bactericidal  strength  of  the  substance  seemed  about  the  same  upon  the 
typhoid  and  colon  bacilli,  the  results  in  the  .  i  per  cent  seeming  a  little  in  favor 
of  the  colon  bacillus  being  less  sensitive.  The  larger  figures  at  30  minutes  were 
undoubtedly  due  simply  to  the  irregular  distribution  of  the  colon  bacilli  in  the 
fluid,  and  did  not  imply  a  growth.  The  bacillus  pyocyaneus  was  very  much 
more  sensitive,  being  killed  by  a  .i-per-cent  solution  in  five  minutes. 

In  addition  to  the  various  biological  uses  of  the  napthaquinone 
compound  which  have  already  been  enumerated,  there  are  still 
others,  the  value  of  which  cannot  now  be  estimated  owing  to  in- 
adequate experience.  For  example,  after  the  use  of  antipyretics, 
such  as  phenacetin  and  acetanilid,  the  urine  contains  a  substance, 
probably.para-amidophenol,which  can  be  detected  by  means  of  its 
reaction  with  naphthaquinone  sodium-monosulphonate.  The 
study  of  the  reactions  of  the  urine  with  this  substance  imder 
pathological  conditions,  and  after  the  use  of  drugs  and  poisons, 
will  doubtless  in  time  become  the  subject  of  careful  investigation, 
and  it  is  possible  that  some  medical  applications  will  emerge  from 
such  a  study. 

Although  it  is  probably  no  exaggeration  to  say  that  the  naph- 
thaquinone compotmd, which  has  formed  the  subject  of  discussion 
in  these  pages,  is  one  of  the  most  reactive  color-producing  sub- 
stances at  present  known,  it  will  not  do  to  overlook  the  fact  that 
its  very  lability  must  in  itself  have  the  drawback  of  depriving 
many  of  the  reactions  of  any  characteristic  and  specific  features. 
In  some  cases  we  find  that  a  whole  group  of  compounds,  like  the 
primary  aromatic  amines,  react  in  a  similar  manner,  so  that  we 
have  to  deal  with  a  class  reaction  for  the  amido  group,  rather 
than  with  specific  reactions  for  individual  substances.  It  also 
remains  to  be  seen  whether  the  usefulness  of  the  reactions  which 
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have  been  described  will  not  suffer  some  restriction  in  those  cases 
where  we  are  dealing  with  a  mixture  of  substances  in  sohitioii, 
rather  than  solutions  of  chemically  pure  compounds.  But  not- 
witlistaniting  these  limitations,  which  are  as  yet  not  accurately 
definable,  one  is  justified  in  predicting  for  the  sulphonic  acid 
derivatives  of  naphthaquinone  a  sphere  of  usefulness  for  the  phy- 
siological  chemist,  as  well  as  for  the  student  of  organic  chemistry. 
I  wish  to  acknowledge  the  valuable  help  of  Miss  Louise  M. 
Foster  in  aiding  me  in  testing  the  substances  mentioned  in  this 
paper,  as  well  as  very  many  others.  To  my  friend,  Prof.  Paul 
Ehrlich,  I  feel  deeply  indebted  for  my  introdiiction  to  the  naph- 
tha<iuinone  sulphonates. 
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THE   INFLUENCE   OF   FEVER   ON  THE   REDUCING 
ACTION   OF  THE   ANIMAL   ORGANISM. 

By   C.    a.    HERTER. 

IN  a  previous  paper  ^  I  described  the  effects  of  a  depression  of  the 
body-temperature  on  the  reduction  of  methylene  blue  to  leuco- 
methylene  blue,  and  laid  special  emphasis  on  the  impaired  reducing 
action  which  is  demonstrable  in  the  muscles  and  gray  substance  of 
the  central  nervous  system.  Since  making  these  observations  I  have 
carried  out  other  experiments  of  a  similar  character  upon  animals  in 
which  the  temperature  had  undergone  an  elevation.  The  outcome  of 
these  experiments  appears  of  sufficient  interest  to  justify  me  in  placing 
on  record  some  of  the  details. 

The  main  result  of  the  experiments  which  form  the  subject  of  the 
present  paper  is  the  demonstration  of  a  greatly  increased  reducing 
action  during  fever  by  means  of  suitable  color  indicators  (methylene 
blue  or  indophenol).  The  result  is,  as  was  anticipated,  the  opposite 
of  that  obtained  by  the  experiments  concerned  with  subnormal  tem- 
peratures. It  was  found,  however,  that  the  acceleration  of  the  reduc- 
ing action  which  is  occasioned  by  a  rise  of  3"  or  4'*  C.  gives  indications 
of  being  as  pronounced  as  the  diminution  in  reducing  action  that  is 
demonstrable  by  a  depression  of  temperature  through  8°  or  10°  C. 
Hence  the  study  of  cell-reductions  in  fever  is  a  peculiarly  satisfactory 
field  for  the  application  of  intravital  culorimetry. 

The  contrast  between  the  fever  animals  and  the  controls  can  easily 
be  made  striking.  The  best  results  have  been  obtained  under  con- 
ditions slightly  different  from  those  recommended  for  the  study  of 
the  effects  of  cold. 

In  most  of  the  experiments  upon  the  action  of  fever,  the  rabbits 
have  been  infused  intravenously  with  a  25  per  cent  solution  ^  of  methy- 

^  Herter:  This  journal,  1904.  xii,  p.  12S. 

•  At  first,  the  percentage  of  salt  in  the  solution  was  0.85  per  cent,  but  as  this 
concentration  salts  out  some  of  the  dye  at  low  room-temperatures  the  sodium 
chloride  was  reduced  to  0.4  per  cent. 
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lene  blue  at  the  rate  of  i  c.c.  per  minute,  and  fr6ra  50  to  75  c.c.  have 
usually  been  introduced.  Instead  of  waiting  five  or  ten  minutes 
after  the  close  of  the  infusion  before  examining  the  organs,  the 
animals  have  been  killed  (by  ventricular  incision),  without  delay,  at 
the  end  of  the  infusion.  These  changes  have  been  found  advisable 
owing  to  the  rapidity  of  reduction  at  fever  heat. 

Two  different  methods  of  elevating  the  temperature  have  been 
employed.  In  one  set  of  cases  the  animal  was  enveloped  in  cotton 
batting,  and  an  incandescent  electric  light  was  passed  over  the  sur- 
face until  the  temperature  of  the  body  had  been  gradually  elevated 
to  the  desired  point,  where  it  was  without  difficulty  maintained 
during  the  infusion.  In  another  set  of  experiments,  the  temperature 
was  raised  by  means  of  hog-cholera  infection.  The  infection  was 
induced  by  means  of  cultures  of  hog-cholera  of  known  virulence 
furnished  me  by  Prof.  Theobald  Smith.  One  of  the  cultures  sent  me 
by  Professor  Smith  gives  rise  to  a  temperature  of  42°  or  43°  C  on 
the  fourth  or  fifth  day  after  inoculation  with  sjihTiJs  c.c.  of  a  twenty- 
four  hour  bouillon  culture.  Higher  temperatures  are  observed  later 
in  the  course  of  this  fatal  infection,  but  there  appears  to  be  no  advan- 
tage in  employing  them  in  connection  with  the  present  investigation. 

In  order  to  illustrate  the  effect  of  elevation  of  temperature  upon 
reduction  in  the  organism,  I  shall  give  two  typical  protocols,  one  from 
an  experiment  in  which  the  rise  was  caused  by  the  external  applica- 
tion of  heat,  and  another  in  which  the  fever  was  of  infectious  origin. 

An  examination  of  the  results  recorded  in  Experiment  i  plainly 
shows  the  accelerating  effect  of  elevation  of  temperature  on  the 
reduction  of  methylene  blue  by  various  types  of  cells.  The  differ- 
ence in  color  between  the  corresponding  parts  in  the  two  animals  is 
the  expression  of  the  difference  in  reducing  activity.  The  first  evi- 
dences of  this  difference  appeared  during  the  infusion  of  the  dye  in 
the  readily  visible  pectoral  muscles,  which  were  bared  for  purposes  of 
observation.  After  the  close  of  the  infusion  the  animals  were  killed 
promptly  enough  to  enable  one  to  obtain  an  idea  of  the  state  of 
reduction  at  the  end  of  life.  The  differences  in  color  were  especially 
striking  in  the  brain,  skeletal  muscles,  heart,  spleen,  pancreas,  and 
liver.  In  all  these  situations  reduction  was  more  intense  in  the 
superheated  animal  than  in  the  control,  and,  excepting  the  kidney,  it 
may  be  stated  here  that  this  was  the  case  not  only  in  this  experiment, 
but  also  in  all  the  experiments  of  the  sort  that  were  conducted.  It 
should  be  noted  also  that  the  warmed  rabbit  secreted  less  blue  by 
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the  urine  and  by  the  stomach  than  did  his  fellow,  and  further,  that 
the  blood  in  the  warmed  animal  contained  less  blue  than  the  control. 
These  are  features  of  interest  in  relation  to  the  actual  distribution  of 


EXPERIMENT  1. 


Normal  Rabbit  (Control). 
Temp.  380-39°  C.    Weight,  1565  gms. 

Received  intravenously  42  cc.  of  0.25  per 
cent  methylene  blue  solution  in  42 
minutes.  Killed  about  3  minutes  after 
infusion's  close. 

Muscles :  pectorals  bluish  during  life,  quick 
reduction  after  death,  the  muscles  of 
back  of  neck,  however,  remaining  blued 
for  some  time. 

Application  of  HgOg  shows  considerable 
leuco-blue  in  muscles. 

Heart  found  unblued  (ventricles). 


Brain:  blue  (turquoise). 


Spleen:  blue. 

Pancreas :  moderately  blue. 

Suprarenal :  colorless,  does  not  blue  on 
addition  of  H|Oa. 

Kidneys:  blue. 

Urine:  scanty,  deep  blue. 

Liver:  purple,  contains  unreduced  blue. 

Liver  pulp  contains  considerable  paired 
leuco-methylene  blue. 

Bile :  moderate  amount ;  contains  consider- 
able methylene  blue;  paired  leuco- 
methylene  blue,  moderate  amount. 

Blood:  considerable  methylene  blue;  con- 
siderable leuco-methylene  blue ;  paired 
leuco-methylene  blue,  scanty. 

Stomach :  much  blue  on  surface  of  contents. 


Superheated  Rabbit. 
Temp.  420-430  C.    Weight,  1510  gms. 

Received  intravenously  42  c.c.  of  0.25  per 
cent  methylene  blue  solution  in  42 
minutes.  Killed  about  3  minutes  after 
infusion's  close. 

Muscles:  pectorals  quite  colorless  during 
life.  Muscles  of  back  of  neck  com- 
pletely reduced. 

Application  of  H^Og  shows  considerable 
leuco-blue  in  muscles,  more  than  in 
control  muscles. 

Heart  found  unblued  (ventricles);  contains 
considerable  leuco-blue,  more  than 
control. 

Brain :  unblued.  Oxidation  with  HgOa 
shows  that  the  brain  contains  more 
leuco-blue  than  the  control. 

Spleen :  unblued ;  on  oxidation  with  HgO^ 
blues  to  about  the  color  of  control. 

Pancreas :  pale  blue. 

Suprarenal :  colorless ;  blues,  cortex  and 
medulla,  on  addition  of  HjOj. 

Kidneys :  uncolored. 

Urine :  scanty,  moderately  blue  (greenish 

Liver :  red ;  complete  reduction  of  blue. 

Liver  pulp  contains  considerable  paired 
leuco-methylene  blue. 

Bile :  scanty ;  contains  little  methylene 
blue.  Moderate  amount  of  paired 
leuco-methylene  blue  (slightly  more 
than  control). 

Blood:  little  or  no  methylene  blue;  con- 
siderable leuco-methylene  blue ;  paired 
leuco-methylene  blue,  scanty. 

Stomach:  little  or  no  blue  on  surface  of 
contents. 


dye  in  the  body.  The  criticism  might  be  made  that  the  differences 
in  color  in  the  two  animals  were  possibly  referable  to  variations  in 
the  distribution  of  the  dye  rather  than  to  unequally  energetic  reduc- 
tion.    In  answer  to  such  a  criticism  it  might  be  said  that  if  one 


460  C  A.  Herter. 

organ  or  a  group  of  organs  in  the  warmed  animal  received  less  blue 
than  the  corresponding  organ  or  group  of  organs  in  the  control,  there 
would  necessarily  (since  the  infusions  are  of  the  same  magnitude)  be 
a  compensating  difference  in  the  opposite  direction,  in  some  other 
part  of  the  body,  whereas  in  reality  the  color  contrasts  between  the 
organs  of  the  two  animals  were  so  widespread  that  they  may  be 
designated  universal.  Further  and  more  convincing  evidence  is, 
however,  not  wanting  to  show  that  the  color  differences  are  not 
dependent  on  unevenness  of  distribution.  Experiments  made  with 
eosene  (which  undergoes  no  reduction  or  other  demonstrable  chemi- 
cal change  in  the  body)  showed  that  the  distribution  of  this  dye  is 
•  essentially  the  same  in  the  organs  of  the  normal  rabbits  as  in  the 
corresponding  organs  of  animals  in  which  the  temperature  has  been 
raised, —  the  conditions  of  infusion  having,  of  course,  been  kept  the 
same  in  these  experiments.  Finally,  the  ease  with  which  methylene 
blue  undergoes  oxidation  gives  us  a  direct  method  of  determining  the 
actual  distribution  of  the  dye  in  the  organism,  at  least  in  the  case  of 
the  central  nervous  system  and  the  muscles.  If  we  have  any  doubt 
whether  the  brain  has  taken  up  as  much  dye  as  its  fellow,  we  have 
only  to  pour  upon  a  freshly  cut  surface  a  solution  of  hydrogen  perox- 
ide, when  the  leuco-blue  or  reduced  blue  is  rapidly  oxidized  to  the 
dye  itself.  By  means  of  this  method,  it  was  easy  to  show  that  the 
brain  and  muscles  of  the  warmed  animal  held  not  less  but  more  dye 
than  the  corresponding  parts  of  the  normal  rabbit. 

When  we  come  to  the  other  organs,  especially  the  liver  and  kid- 
neys, the  conditions  are  not  so  simple,  for  they  are  complicated  by 
the  occurrence  of  a  synthesis  or  pairing  of  the  methylene  blue  with 
some  unknown  constituent  of  the  cells.  The  substance  thus  formed 
I  have  called  paired  leuco-methylene  blue,  or  more  briefly  **  paired 
substance."  The  important  characteristic  of  this  substance  in  the 
present  connection  is  that  it  fails  to  be  oxidized  (in  neutral  or  alka- 
line medium)  to  methylene  blue,  and  hence  escapes  recognition  in  the 
simple  process  of  oxidation.  The  dye  can,  however,  be  unmasked  by 
boiling  the  organ  pulp  with  a  dilute  acid  — acetic  being  perhaps  the  best 
for  this  purpose.  Until  I  recognized  the  pairing  process  in  the  liver 
and  elsewhere,  it  was  impossible  to  account  for  the  disappearance  of 
the  infused  methylene  blue,  since  it  was  evident  that  the  sum  of  the 
simple  leuco-blue  and  the  unreduced  blue  was  far  from  being  equal 
to  the  amount  of  dye  infused. 

It  would  be  incorrect  to  give  the  impression  that  the  total  amount 
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of  methylene  blue  in  the  febrile  organs  was  always  or  even  usually  in 
excess  of  the  amount  in  the  corresponding  organs  of  the  controls. 
Even  in  animals  of  the  same  temperature,  infused  under  the  same 
conditions,  the  brain  and  muscles  (structures  holding  little  or  no 

EXPERIMENT  2. 


Normal  Rabbit  (Control). 

Temp.  390  C.     Weight,  1450  gms. 

Infused  intravenously  31  c.c.  0.25  per  cent 
methylene  blue  solution,  1  c.c.  per 
minute.     Killed  at  close  of  infusion. 

Muscles:  blue  during  life.  At  death,  blue 
was  rapidly  reduced.  With  HjO,  mod- 
erately blue. 

Heart:  Ventricles  blued. 

Brain:  almost  completely  reduced;  blues 
deeply  on  exposure  to  air ;  with  H2O2 
very  deep  blue. 

Spleen :  blue. 

Pancreas :  not  noted. 

Suprarenals :  not  noted. 

Kidneys:  unblued;  considerable  leuco-blue 

in  cortex. 
Urine:  none. 
Liver  :    bluish ;    leuco-blue,    considerable ; 

pulp  yields  considerable  paired  leuco- 

methylene  blue. 

Bile :  quantity  moderate ;  some  methylene 
blue;  some  paired  methylene  blue. 

Blood :  serum  blue ;  very  little  leuco-blue ; 

considerable   paired  leuco  -  methylene 

blue. 
Stomach :  contains  considerable  blue. 


I 


Infected  Rabbit  (Hog  Cholera). 

Temp.  40.5®  C.  (4  days  after  inoculation ).i 
Weight,  1435  gms. 

Infused  intravenously  31  c.c.  025  per  cent 
methylene  blue  solution,  1  c.c  per 
minute.     Death  at  close  of  infusion. 

Muscles :  no  bluing  during  life ;  with  H2O1 
less  blue  than  control. 

Heart:  ventricles  unblued. 

Brain :  completely  reduced,  but  blues  only 
slightly  on  exposure  to  air;  with  H^O, 
blues  somewhat  less  deeply  than 
control. 

Spleen :  red. 


Kidneys:  blue;  papillae  and  medulla  blue 
on  exposure  to  air. 

Urine :  none. 

Liver :  gray ;  contains  little  or  no  leuco- 
blue;  nearly  all  blue  exists  as  paired 
leuco-methylene  blue;  quantity  about 
same  as  in  control. 

Bile :  scanty ;  no  methylene  blue  (as  such) ; 
very  little  paired  leuco-methylene  blue 
(/".  e.  no  secretion). 

Blood :  serum  uncolored ;  little  or  no  leuco- 
blue.  All  dye  is  present  as  paired  leuco- 
methylene  blue. 

Stomach  :  contains  very  little  blue. 


^  The  temperature  of  this  animal  had  been  higher,  but  it  fell  when  the  animal  was 
placed  on  the  holder,  as  is  often  the  case. 


paired  substance)  often  show,  on  oxidation  with  hydrogen  peroxide, 
moderate  inequalities  in  the  content  of  dye.  In  the  case  of  experi- 
ments made  at  an  elevated  temperature,  the  greater  amount  of  dye  is 
found  sometimes  in  the  muscles  and  brain  of  the  control,  sometimes 
in  the  structures  of  the  superheated  mate.  The  evidence  of  increased 
reduction  is,  of  course,  especially  pronounced  in  those  cases  where  the 
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brain  and  muscles  not  merely  are  colorless,  but  contain  more  total 
dye-stuff  than  their  fellow-organs. 

In  essential  respects  the  conditions  in  Experiment  2  after  infusion 
resembled  those  found  in  Experiment  i ;  that  is  to  say,  the  various 
parts,  including  brain,  muscles,  heart,  spleen,  and  liver,  showed  the 
presence  of  less  blue  in  the  febrile  rabbit  than  in  his  fellow.  The 
differences  were,  however,  less  pronounced  than  in  Experiment  i,  and 
this  is  hardly  surprising,  inasmuch  as  the  disparity  in  temperature 
was  only  2.5°  C. ;  whereas,  in  Experiment  i  the  inequality  amounted 
to  probably  not  less  than  4°  C.  In  other  observations  in  animals  in- 
fected with  hog  cholera,  higher  temperatures  were  obtained,  and  in 
such  instances  the  results  were  indistinguishable  from  those  seen  in 
animals  whose  temperature  had  been  raised  to  an  equally  high  level 
by  external  application  of  heat. 

There  is  usually  a  distinct  difference  between  the  color  of  the  blood 
of  the  febrile  animal  and  that  of  the  control,  the  former  containing 
less  methylene  blue  as  such  and  more  leuco-methylene  blue.  The  bile 
in  the  gall-bladder  of  the  febrile  animal  is  almost  always  scanty,  and 
contains  less  methylene  blue  than  the  bile  from  the  control.  The 
stomach  also  shows  a  diminished  secretory  activity  when  the  tem- 
perature is  elevated,  for  little  or  no  bluq  finds  its  way  into  the  interior 
of  this  organ,  whereas  in  the  control  animals  the  food  is  found  cov- 
ered by  a  layer  of  mucus  mixed  with  unreduced  blue.  Once,  how- 
ever, I  found  these  conditions  reversed.  As  regards  the  quantity  and 
character  of  the  urine  secreted  during  the  infusion  the  results  are 
extremely  variable.  I  have  generally  found  that  the  febrile  urine 
contains  rather  less  methylene  blue  and  more  leuco-methylene  blue 
than  the  urine  from  the  normal  control,  but  there  may  be  more  blue 
in  the  febrile  urine.  It  seems  probable  that  the  wide  variability 
noted  in  wholly  normal  animals  with  the  same  temperature  affords  a 
sufficient  explanation  of  these  irregularities.  Occasionally,  as  in 
Experiment  2,  there  is  no  secretion  during  the  infusion.  In  general, 
it  can  be  stated  that  the  quantity  of  dye  recovered  in  the  urine  is  too 
small  to  exert  a  material  influence  on  the  quantity  or  distribution  of 
that  which  remains  in  the  organism. 

The  observation  that  methylene  blue  is  capable  of  serving  as  an 
admirable  indicator  of  the  acceleration  of  reduction  resulting  from 
an  elevation  in  temperature  naturally  suggested  that  the  various 
kinds  of  cells  in  which  the  reducing  powers  had  been  watched  during 
life  might  be  advantageously  studied  in  vitro  in  respect  to  this  activ- 
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ity.  The  prospect  of  being  able  to  study  individually  the  properties 
of  different  tissues,  unhampered  by  the  uncontrollable  and  unmeasur- 
able  interactions  characteristic  of  the  living  organism  in  its  entirety, 
made  it  appear  worth  while  to  seek  a  method  of  conducting  such 
experiments  under  conditions  permitting  a  measurement  of  the  pro- 
cesses in  question. 

After  some  unsuccessful  trials,  the  following  method  of  measuring 
approximately  the  reaction  velocity  of  reduction  was  adopted.  The 
tissues  to  be  studied  (liver,  kidney,  muscles,  etc.)  were  taken  from  a 
dog  or  rabbit  (which  had  been  bled)  and  subdivided  in  an  ordinary 
meat  machine.  A  finer  degree  of  subdivision  was  secured  by  tritura- 
tion with  fine  sand.  Definite  weights  of  tissue  thus  prepared  and 
mixed  with  sand  were  placed  in  thin  walled  capacious  test-tubes  of 
hard  glass,  one  and  one-quarter  inches  in  diameter,  to  which  a  fixed 
volume  of  distilled  or  tap  water  was  added.  For  example,  to  2  or  4 
gms.  of  triturated  liver  was  added  usually  25  gms.  of  water.  To  this 
mixture  was  added  at  the  proper  time  i  c.c.  of  a  weak  methylene 
blue  solution  (0.025  per  cent  in  distilled  water)  at  the  proper  tem- 
perature. In  order  to  secure  better  contact  of  the  dye  with  the  par- 
ticles of  tissue,  a  constant  stream  of  washed  and  neutralized  nitrous 
oxide  gas  was  passed  through  the  mixture.^  As  our  gas  liberated 
a  very  slight  quantity  of  oxygen,  its  action,  aside  from  a  mechani- 
cal one,  must  have  been  to  slightly  retard  reduction.  Carbon  dioxide 
was  abandoned  because  of  the  disturbing  effect  exerted  by  its  acid 
properties. 

The  temperature  within  the  tubes  was  easily  regulated,  and  there 
was  no  difficulty  in  keeping  their  contents  in  a  practically  anaerobic 
state.  In  order  to  insure  the  rapid  and  thorough  mingling  of  the  dye 
with  the  remaining  contents  of  the  tube,  it  has  been  found  helpful  to  in- 
ject the  methylene  blue  directly  into  the  rubber  delivery  tube  through 
which  the  gas  enters  the  lowest  part  of  the  tube.  The  reduction 
tube  is  prepared  for  action  by  allowing  the  nitrous  oxide  to  bubble 
actively  through  it  for  five  minutes  before  the  dye  is  introduced. 

As  regards  the  endpoint  of  the  reaction,  it  must  be  said  that  this 
is  not  always  as  sharp  as  could  be  desired,  and  that  it  seldom  happens 

^  A  drawing  of  the  apparatus  will  be  given  in  a  subsequent  paper.  Each  tube 
is  fitted  with  a  rubber  cork  with  three  openings,  one  for  the  tube  delivering  the 
gas,  one  for  a  thermometer,  and  a  third  for  the  exit  of  the  gas.  Two  tubes  are 
generally  operated  simultaneously.  The  desired  temperature  within  the  tubes  is 
secured  by  their  immersion  in  a  beaker  of  water. 
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that  the  original  color  of  the  tube  is  regained,  even  through  prolonged 
action  of  the  tissues  on  the  blue.  For  this  reason,  it  has  been  found 
best  to  take  the  reading  when  the  last  trace  of  the  green-blue  dis- 
appears from  the  mixture  in  the  tube.  Where  control  observations 
are  being  made,  it  is  usually  not  difficult  to  fix  upon  an  arbitrary 
endpoint  which  is  the  same  for  both  tubes. 

By  means  of  the  method  thus  indicated,  it  has  been  possible  to 
study  the  influence  of  many  conditions  and  substances  upon  the 
velocity  of  reduction,  including  the  action  of  acids  and  alkalies,  the 
ions  of  neutral  salts,  the  effects  of  colloidal  solutions,^  etc.  At  present 
reference  will  be  made  only  to  a  few  typical  observations  on  the  in- 
fluence of  temperature. 

The  following  are  a  few  examples  of  the  influence  of  temperature 
and  mass  of  tissue  (rabbit's  liver)  : 

1  gm.  liver  -f-  1  c.c.  blue  solution  -f  25  c.c.  HjO  at  38®  C.  reduced  in  24}  minutes. 

1  gm.  liver  -f  1  c.c.  blue  solution  -f  25  c.c.  HgO  at  43^  C.  reduced  in  18  minutes. 

2  gms.  liver  -f-  1  c.c.  blue  solution  +  25  c.c  HgO  at  38°  C.  reduced  in  3J  minutes. 
2  gms.  liver  -f-  1  c  c.  blue  solution  +  25  c.c.  IL^O  at  43®  C.  reduced  in  2  minutes. 

Material  from  the  liver  of  another  rabbit  gave  the  following 
results : 

1  gm.  liver  +  1  c.c.  blue  solution  -}-  25  c.c.  II.^O  at  38°  C.  reduced  in  8  minutes. 

1  gm.  liver  -}-  1  c.c.  blue  soluiion  -\-  24  c.c.  H.jO  -f  1  c.c.  085  per  cent  NaCl  solution 

at  38^  C.  reduced  in  ^minutes. 
1  gm.  liver  +  1  c.c.  blue  solution  -f  25  c.c.  li.jO  at  43°  C.  reduced  in  4  minutes. 

1  gm.  liver  -f  1  c.c.  blue  solution  -f  24  c.c.  H.,0  -f  1  c.c.  0.85  per  cent  NaCl  solution 

at  43^  C.  reduced  in  5  minutes. 

2  gms.  liver  -f-  1  cc.  blue  solution  -\-  25  c.c.  H.jO  at  38°  C.  reduced  in  \\  minutes. 
2  gms.  liver  f  1  c.c.  blue  solution  -|-  25  c.c.  H.jO  at  43°  C.  reduced  in  45  seconds. 

With  larger  quantities  of  triturated  tissue,  say  4  or  5  grams  of 
liver,  reduction  may  occur  so  rapidly  that  it  is  difficult  to  measure 
the  difference  in  velocity  at  38°  and  43°  C. 

At  one  time  it  seemed  to  me  that  our  experiments  indicated  a 
greater  reaction  velocity  than    is  characteristic  of  simple  chemical 

*  An  interesting  field  for  observation  is  a  comparison  of  tbe  reducing  action  of 
different  structures  in  tbe  same  organism,  and  of  tbe  corresponding  structures  in 
different  groups  of  animals.  In  the  present  experiments  the  great  activity  of 
liver  and  kidney  as  compared  with  brain  and  muscle  is  an  obtrusive  feature.  The 
superiority  of  the  dog's  liver  over  the  liver  of  the  rabbit  in  regard  to  the  power  of 
reduction  can  be  easily  shown.  The  action  of  poisons  has  not  yet  been  taken  up 
with  this  method,  except  to  a  limited  extent. 
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reactions ;  but  at  present  it  is  doubtful  if  that  view  can  be  main- 
tained. In  order  to  gain  information  as  to  the  influence  of  tempera- 
ture on  the  velocity  of  reduction  in  the  absence  of  organized  material, 
the  tubes  were  filled  with  a  solution  of  10  c.c.  of  (approximately) 
3.71  percent  glucose  solution,  i  c.c.  methylene  blue  solution,  2  c.c.  ^^ 
sodium  hydrate  solution,  and  12  c.c.  water.  At  sS*'  C,  reduction 
occurred  in  nine  and  one-quarter  minutes  ;  at  43°  C.  in  six  minutes ; 
at  48°  C.  in  four  minutes.  The  results  thus  derived  are  apparently  of 
the  same  order  as  those  obtained  with  living  tissues. 

It  is  clear  that  many  factors  influence  the  velocity  of  reduction  by 
living  animal  tissues.  In  some  of  the  above  experiments  the  effect  of 
a  small  amount  of  sodium  chloride  is  seen,^  and  it  can  be  shown  that 
there  is  a  high  degree  of  sensitiveness  to  the  presence  of  hydrogen  and 
hydroxyl  ions.  The  diflfering  activity  of  the  livers  of  different  indi- 
viduals in  vitro  is  a  striking  thing,  and  reminds  one  of  the  individual 
diflferences  noted  in  the  course  of  intravital  infusions.  A  factor  which 
may  become  disturbing  in  test-tube  experiments  is  the  postmortal 
decline  in  activity  of  the  cells.  In  the  case  of  muscle,  especially 
rabbit  muscle,  this  is  rapid.  The  liver,  however,  usually  retains  a 
high  grade  of  reducing  activity  for  several  hours  after  death. 

It  is  believed  by  the  writer  that  the  demonstration  of  the  action  of 
fever  on  the  organism  by  the  intravital  method  described  in  these 
pages  will  not  only  prove  serviceable  in  the  study  of  the  pathology 
of  fever,  but  will  afford  a  highly  instructive  object  lesson  in  class 
work.  Probably  the  method  of  studying  reduction  in  vitro  will  prove 
of  considerable  use  in  the  analysis  of  the  many  factors  that  aflfect  the 
process  of  reduction.  I  hope  before  long  to  report  on  the  behavior 
of  diflferent  kinds  of  living  tissue  under  physiological  and  pathological 
conditions. 

I  wish  to  acknowledge  the  valuable  assistance  I  have  received  from 
my  laboratory  assistant,  Mr.  Edward  O'Brien,  in  the  conduct  of  these 
experiments. 

*  At  38®  C.  sodium  chloride,  in  larger  amount  than  in  the  experiment  given 
above,  was  found  to  accelerate  reduction,  but  at  higher  temperatures  it  was  fre- 
quently observed  to  exert  the  opposite  influence. 
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Tlie  Lat«  Dr.  0«orge  A.  Spaldiiif. — Through  the  pre- 
malure  death  of  George  Atherton  Spalding  the  medi- 
cal   profession    of    this    country    has    lost   one    of   its 
I  most  alert  and  discerning  practitioners  and  the  com- 
I  munity  a  character  of  rare  force  and  gentleness,  to 
I  whom  every  worthy  social  aim  made  a  powerful  appeal. 
I  The  end  came   almost  without   warning,  during  the 
I  afternoon  of  October  and,  from  an  unsuspected  affec- 
ktiOD  of  the  heart   and   apparently  in   consequence  of 
■  excessive  exertion  in  the  course  of  professional  duly. 
IDr.  Spalding  was  bom  on  January  14,  1S49,  in  Kcn- 
r  tudty.    He  sprang  from  a  long  line  of  educated  ances- 
tors, many    of   whom   attained  distinction  as  medical 
tncn.    His  grandfather  studied  medicine  at  Guy's  Hos- 
EHtal  and  brought  over  to  .this  country  from  the  cele- 
oraied  Dr.  Jetiner  the  first  vaccine  against  smallpox, 
'  which  he  delivered  to  Dr.  Waterhouse.     After  an  aca- 
►  deinic  course  at  Yale  University,  the  late  Dr.  Spalding 
r  obtained  his  medical  education  at  the  College  of  Phy- 
I  sicisns  and  Surgeons,  where  he  acted  during  two  years 
as  assistant  to  the  eminent  physiological  teacher  and 
investigator,  Professor  John  C.  Dalton.    The  close  con- 
I  tact  with  an  acute  and  cultivated  mind,  used  to  deal 
I  with  medical  jsroblems  from  the  physiological   stand- 
L  point,  was  of  inestimable  value  to  the  young  student 
[•of  medicine  and  accounts  for  the  active  interest  in  the 
r  scientific  basis  of  medicine  which  was  shown  by  Spald- 
f  ing  throughout  his  long  and  successful  career.     After 
I  graduation  at  the  medical  school,  he  served  as  an  in- 
liteme  at  SL  Luke's  Hospital  (i87S-'6),  where  he  quick- 
I,ly  won  the  confidence  and  admiration  of  his  colleagues. 
I  Thus  equipped  for  work,  Spalding  began  life  in  New 
York  as  a  general  medical  practitioner.    He  soon  built 
lip  2  large  practice  and  developed  the  exceptional  gifts 
iMiich  made  him  one  of  the  most  competent  physicians 
I  in   the  great  city.     These  gifts  were  both  intellectual 
I  and    moral.     Perhaps    Spalding's    most    distinguishing 
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trait  was  tjukkness  of  insight  info  complex  and  difH- 
cult  medical  and  human  situations,  calling  for  prompt 
and  individual  treatment  He  had  the  intelligence  to 
promptly  apprehend  what  should  be  done  and  tlie  force 
to  do  what  he  deemed  right.  His  patients  cither  obeyed 
him  imphcitly  or  were  requested  to  seek  another  ad- 
viser. People  soon  learned  to  Inist  the  mind  and 
heart  of  the  clear  eyed,  earnest  man,  whose  first  inter- 
est was  to  do  his  duty,  promptly  and  fully,  without 
sparing  himself.  This  practice  grew  apace  until  it  made 
heavy  demands  on  thought  and  strength.  To  meet 
these  demands  while  ever  striving  to  elevate  the  qual- 
ity in  his  work,  Spalding  was  compelled  to  sacrifice 
his  personal  culture  in  many  directions  and  to  live  a 
life  of  great  abstemiousness  and  self  control.  The  cour- 
age with  which  he  made  personal  sacrifices  year  after 
year  for  the  sake  o£  his  work  will  never  be  known  be- 
yond the  small  circle  of  those  with  whom  he  was  inti- 
mate, for  he  bore  much  in  silence.  Notwithstanding 
the  ever  increasing  exactions  of  private  practice,  Spald- 
ing made  time  for  outside  professional  work  designed 
to  increase  his  efliciency  as  a  physician.  From  1879 
to  1S94  he  served  as  an  attending  physician  at  the 
House  of  Refuge  on  Randall's  Island,  where  his  energy 
and  upright  methods  proved  invaluable  to  the  public 
service.  In  1896  he  was  appointed  to  the  imponant 
position  of  attending  physician  to  St.  Luke's  Hospital, 
the  active  duties  of  which  brought  him  great  satisfac- 
tion, although  he  had  many  regrets  that  he  could  not 
give  so  much  of  his  time  to  these  duties  as  he  wouM 
have  wished.  This  position  he  iieid  at  the  time  of  bis 
death.  Few  general  practitioners  have  kept  in  such 
close  persona]  touch  with  the  most  progressive  mem- 
bers of  the  profession.  Spalding  had  the  intuitive  feel- 
ing for  the  qualities  of  people  which  comes  only  to 
sensitive  and  refined  natures.  He  enjoyed  mixing 
freely  among  men.  and  his  personal  charm  made  him 
prrsona  grata  in  the  societies  frequented  by  the  most 
distinguished  members  of  the  medical  profession.  This 
contact  had  a  highly  important  practical  influence  on 
his  efficiency  in  private  and  hospital  woric.  He  learned 
to  know  well  the  professional  and  personal  qualities 
of  the  men  who  could  help  him  in  emergencies  and 
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exceptional  cases.  He  was  in  a  position,  therefore,  to 
give  his  patients  the  benefit  of  the  best  available  medi- 
cal and  surgical  skill.  This  he  did  with  the  utmost  free- 
dom and  with  highly  refined  judgment.  Spalding  was 
not  a  teacher  of  students,  nor  did  he  publish  often,  but 
he  possessed  the  insight  which,  under  conditions  of 
greater  leisure,  would  have  brought  success  as  a 
teacher  and  the  judgment  to  enrich  literature  with  well 
recorded  cases.  Circumstances  limited  his  talents  and 
activities  to  the  practical  duties  of  his  profession.  In 
the  skilful  discharge  of  these  humanitarian  duties  he 
was  actuated  by  the  highest  and  broadest  motives.  He 
sought  not  merely  to  give  his  patients  physical  security 
and  comfort,  but  to  educate  them  to  conform  to  the 
ways  of  Nature  through  the  exercise  of  intelligent  self 
control.  He  studied  to  prevent  disease  as  well  as  to 
cure  it,  and  perhaps  few  who  have  dealt  with  indi- 
viduals rather  than  with  masses  have  better  succeeded 
in  this.  Thus  his  influence  on  the  community  was  wide- 
spread for  good  and  hardly  measurable  by  common 
standards. 
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THE  PRODUCTION    OF  METHYL  MERCAPTAN  BY  FECAL 
BACTERIA  GROWN  ON  A  PEPTONE  MEDIUM. 

Bt  c.  a.  herter. 

(Received  for  publication,  January,  a  a,  1906.) 

It  is  surprising  that  almost  no  systematic  study  has  been  de- 
voted to  methyl  mercaptan,  a  common  product  of  the  putrefactive 
cleavage  of  proteid,  in  its  relation  to  intestinal  putrefaction. 
Nenc1d,i  who  discovered  this  substance  among  the  products  of 
putrefaction,  obtained  a  small  amount  of  it  from  a  large  quantity 
of  human  feces,  and  reached  the  conclusion  that  it  is  a  usual 
product  of  intestinal  putrefaction.  This  conclusion  is  probably 
correct,  although,  strictly  speaking,  it  does  not  appear  fully 
justified  by  Nencki's  observations,  for  the  reason  that  the  material 
used  by  him  could  not  have  been  sufficiently  fresh  to  exclude 
mercaptan  formation  during  a  period  of  exposure  to  the  air. 
Working  with  smaller  quantities  of  material  than  were  employed 
by  Nencki,  I  have  never  been  able  to  obtain  more  than  a  trace  of 
mercaptan  (probably  the  methyl  compound),  and  have  usually 
been  able  to  obtain  no  evidence  whatever  of  its  presence  in  fresh 
human  material,  whether  from  presumably  normal  persons  or 
from  such  as  were  suffering  from  intestinal  disturbance.  But  the 
failure  to  find  mercaptan  in  the  contents  of  the  lower  bowel 
does  not  prove  that  this  substance  has  not  been  formed,  for  it  is 
possible  and  even  likely  that  there  is  some  mercaptan  production 
in  higher  portions  of  the  large  intestine,  where  it  is  certain  that 
the  gas  would  be  readily  absorbed. 

As  it  appeared  that  something  of  interest  might  be  learned 
from  the  study  of  the  ability  of  fecal  bacteria  from  various  sources 
to  form  mercaptan  when  growing  on  a  medium  which  does  not 
readily  yield  this  compound,  a  considerable  number  of  experiments 
were  made  with  suspensions  of  the  mixed  fecal  bacteria  from 
different  persons.  After  growing  the  bacteria  in  a  two  per  cent. 
peptone  solution  for  twenty-four  hours  at  the  temperature  of 

*  Monaish.  f,  Chem.^  x,  p.  862,  1889.  Das  Methylmercaptan  als 
Bestandtheil  der  menschlichen  Darmgase. 
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37®  C,  the  entire  ctilture  (loo  c.  c.)  was  in  each  case  transferred  to 
a  flask  communicating  through  a  calcium  chloride  tube  with  an 
Erlenmeyer  flask  containing  isatin  dissolved  in  concentrated 
sulphuric  acid.  A  current  of  air  was  then  drawn  through  both 
flasks  so  that  any  mercaptan  given  oflE  from  the  culture  flask 
would  enter  the  isatin-sulphuric-acid  flask.  The  presence  of  mer- 
captan is  indicated  under  these  conditions  by  a  gradual  change 
of  the  isatin  solution  from  red  to  olive-green  or  grass-green.^  The 
method  is  not  adapted  for  quantitative  determinations  but  some 
idea  can  be  gained  through  it  of  the  quantity  of  mercaptan  pres- 
ent in  a  culture,  and  it  further  serves  to  indicate  differences  in 
the  amount  formed  in  different  cultures.  Twenty-five  milligrams 
of  a  one  per  cent,  solution  of  methyl  mercaptan  suffice  to  grad- 
ually alter  the  red  isatin  solution  (about  50  c.  c.)  to  a  deep  green 
in  the  course  of  ten  minutes.  Reactions  as  strong  as  this  are 
occasionally  obtained  from  one  hundred  cubic  centimeters  of  a 
bacterial  culture,  but  quicker  reactions  of  this  intensity  have  not 
been  found. 

With  the  aid  of  the  method  ^  here  outlined,  more  than  one 
hundred  and  thirty  observations  have  now  been  made  on 
aerobic  cultures  of  mixed  fecal  bacteria.^  A  fact  which  stands 
out  clearly  as  a  result  of  these  observations  is  that  the  bac- 
teria derived  from  normal  persons  (i.  e.,  showing  not  more 
than  moderate  quantities  of  putrefactive  derivatives  in  the 
urine  and  otherwise  in  good  health)  do  not  usually  yield 
more  than  a  trace  of  mercaptan  when  grown  for  twenty-four 
hours  on  a  two  per  cent,  peptone  solution.  In  a  number  of  in- 
stances, a  pronounced  trace  of  mercaptan  has  been  obtained  after 
prolonged  aspiration  through  the  apparatus  mentioned  above. 
In  a  few  instances,  a  moderate  reaction  has  been  obtained 
after  aspiration  for  ten  or  fifteen  minutes,  and  such  a  reaction 

'  This  '  method  has  been  used  by  Niemann,  Arch.  f.  Hyg.,  xix, 
p.  126,  1893;  also  by  BsLUcr./^eitschr.  f  .  physiol.  Chetn.,  xxxv,  p.  346. 
1902. 

*  The  method  was  in  many  instances  supplemented  by  the  use  of  the 
mercuric  cyanide  method. 

*  The  organisms  were  grown  in  250  c.  c.  flasks  and  the  volume  of  the 
peptone  solution  was  100  c.  c.  The  upper  portion  of  the  culture  wai 
under  adrobic  conditions,  the  lower  part,  under  anaerobic  conditions. 
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has  sometimes  been  repeatedly  obtained  from  bacteria  from  the 
same  person.  Strong  reactions  were  several  times  obtained 
from  the  organisms  obtained  from  breast-fed  babies  apparently 
in  good  health,  and  once  a  strong  mercaptan  reaction  was  noted 
in  the  case  of  a  growth  made  from  material  from  a  young  man 
in  good  health  but  troubled  with  constipation  With  these  excep- 
tions, I  have  noted  strong  mercaptan  production  only  in  cultures 
made  from  material  derived  from  pathological  sources.  The 
strongest  reactions  were  obtained  from  bacteria  derived  from 
persons  suffering  from  pernicious  anaemia,  depressive  mental 
stites,  infantile  marasmus,  fat  diarrhoea,  and  cases  of  chronic 
intestinal  indigestion  (in  children)  characterized  by  abdominal 
distension,  anaemia,  and  retarded  development.  In  the  cases 
referred  to,  mercaptan  production  has  usually  been  a  persistent 
rather  than  a  transitory  manifestation.  In  two  cases  of  per- 
nicious anaemia  in  which  rapid  improvement  occurred  in  associaT 
tion  with  rest  in  bed  and  care  in  diet,  the  fecal  bacteria  ceased 
to  produce  mercaptan,  coincidently  with  this  improvement. 

Thus  the  facts  at  present  at  our  disposal  indicate  that  the  pro- 
nounced formation  of  methyl  mercaptan  by  fecal  bacteria 
growing  on  peptone  solution  is  commonly  a  manifestation  of 
pathological  rather  than  normal  bacterial  activity,  although  it  is 
doubtful  whether  its  occasional  production  by  micro-organisms 
from  a  human  individual  is  to  be  regarded  as  necessarily  un- 
physiological.  Especially  in  the  case  of  young  children  in  good 
health  is  a  moderate  mercaptan  a  common  occurrence.  This 
conclusion  is  the  more  noteworthy  because  it  is  entirely  dif- 
ferent from  the  conclusion  reached  from  a  study  of  hydrogen 
sulphide  production  under  similar  condition.  In  the  case  of 
hydrogen  sulphide  formation,  it  may  be  said  that  this  sulphur 
compound  has  almost  regularly  been  obtained  by  growing  fecal 
bacteria  on  a  peptone  medium,  and  that  it  is  by  no  means  un- 
common to  find  an  abundant  hydrogen  sulphide  production 
where  no  trace  of  mercaptan  is  obtainable.^ 

We  have  as  yet  Uttle  accurate  information  as  to  the  con- 
ditions under  which  methyl  mercaptan  is  produced  in  the  course 

>  The  bacteria  from  certain  acid  stools  from  children  may  fail  to  make 
hydrogen  sulphide,  although  under  anaerobic  conditions  mercaptan  may 
be  produced. 
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of  bacterial  activity.  Nencki  regarded  it  as  a  result  of  anaerobic 
decomposition,  but  it  appears  that,  although  this  view  is  for  the 
most  part  correct,  anaerobic  conditions  are  not  always  essential 
to  its  formation.  The  bacteria  from  the  feces  of  a  patient  with 
pernicious  anaemia  grown  on  a  peptone  solution  under  aerobic 
conditions  gave  much  hydrogen  sulphide  and  no  mercaptan; 
when  the  organisms  were  grown  anaSrobically  (under  carbon 
dioxide)  there  was  an  abundant  production  of  mercaptan  (pre- 
sumably the  methyl  compound)  in  addition  to  hydrogen  sulphide. 
On  a  medium  containing  asparagin,  anmionium  lactate,  alanin, 
glycocoU,  cystin,  and  salts,  I  obtained  a  very  abundant  pro- 
duction of  hydrogen  sulphide  from  fecal  bacteria,  but  not  a  trace 
of  mercaptan. 

Pure  cultures  of  the  aerobic  bacteria  derived  from  feces  capable 
of  inducing  mercaptan  formation  have  failed  to  give  this  gas. 
B.  coli  communis  growing  on  the  peptone  solution  gives  hydrogen 
sulphide  but  no  mercaptan.  B.  putrificus  I  have  not  yet  tried 
in  pure  culture,  but  Dr.  Rettger  tells  me  that  it  early  produces 
mercaptan  when  grown  on  an  egg-meat  medium. 

Although  it  is  not  at  present  clear  what  inferences  may  be 
safely  made,  from  the  formation  of  mercaptan  by  the  fecal  bac- 
teria, with  regard  to  mercaptan  production  and  absorption  in  the 
intestine  ^  from  which  the  bacteria  were  derived,  it  seems  clear 
that  further  observations  are  desirable  along  lines  suggested  by 
the  results  embodied  in  this  paper.  It  appears  also  desirable 
that  a  careful  pharmacological  study  of  the  prolonged  action  of 
methyl  mercaptan  should  be  undertaken,  and  such  a  study  is  now 
under  way  in  my  laboratory. 

»  Some  observations  which  I  have  made  upon  bacteria  found  at  early 
autopsies  in  various  parts  of  the  intestinal  tract  show  that  mercaptan- 
producing  organisms  may  be  present  in  the  upper  part  of  the  ileum. 
Thus  from  an  autopsy  on  a  child  of  fifteen  months,  dead  of  pneumonia, 
the  mercaptan  production  by  the  bacteria  of  the  ileum  was  even  more 
pronounced  than  that  of  bacteria  obtained  from  lower  levels.  In  the 
case  of  a  child  dead  of  marasmus,  the  stomach  contained  bacteria  which 
made  hydrogen  sulphide  abundantly  and  some  mercaptan.  The  bacteria 
of  the  duodenum  and  jejunum  made  neither  of  these  gases,  but  those  of 
the  ileum  produced  them  both  in  abundance. 
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ON  THE  SEPARATION    OF   INDOL    FROM   SKATOL  AND 
THEIR  QUANTITATIVE  DETERMINATION. 

By  C.  a.  HERTER  and  M.  LOUISE  FOSTER. 
(Received  for  publication,  July  10,  1906.) 

In  a  recent  publication  ^  it  was  pointed  out  that  the  presence 
of  indol  in  a  solution  can  be  detected  by  means  of  j3-napthaqui- 
none-sodiuni-monosulphonate,  and  that  owing  to  certain  proper- 
ties possessed  by  the  compound  fonned  by  the  union  of  indol 
with  this  napthaquinone  compound  it  is  possible  to  determine 
with  considerable  accuracy  the  quantity  of  inJol  in  solution.  As 
indol  is  sometimes  associated  in  the  course  of  putrefaction  with 
skatol  (this  is  not  infrequently  the  case  with  the  contents  of  the 
large  intestine)  it  becomes  desirable  to  have  a  method  for  the 
separation  of  indol  froni  skatol.  These  putrefactive  decompo- 
sition products  may  be  separated  by  means  of  their  picrates,  but 
the  method  involves  so  much  time  as  to  make  it  unfit  either  for 
clinical  or  ordinary  chemical  investigations.  It  is  believed  that 
the  method  about  to  be  described  will  prove  practically  helpful 
in  effecting  the  rapid  and  nearly  complete  separation  of  indol 
from  skatol  and  that  it  will  further  serve  for  the  determination 
of  the  quantity  of  skatol  present. 

The  method  is  based  on  the  fact  that  by  means  of  the  naptha- 
quinone compound  above  mentioned,  it  is  possible  to  remove  the 
indol  almost  completely  from  a  solution  containing  both  indol 
and  skatol,  and  that  the  skatol  remaining  after  the  removal  of 
the  indol  can  be  distilled  and  recognized  by  means  of  the  di- 
methylamidobenzaldehyde  reaction  described  by  Ehrlich. 

If  one  takes  a  putrefactive  mixture  containing  both  indol  and 
skatol,  these  bases  should  first  be  distilled  either  in  acid  or  alka- 
line solution,  sometimes  preferably  with  the  aid  of  steam.  In 
the  distillate  the  skatol  passes  over  earlier  than  the  indol,  as  can 
be  easily  shown  by  means  of  the  blue  color  which  it  gives  on 
boiling  with  Ehrlich's  aldehyde.     To  the  distillate  containing 

«**A  Method  for  the  Quantitative  Determination  of  Indol.**  This 
Journal,  i,  p.  257,   1906. 
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the  indol  enough  sodhim  or  potassium  hydroxide  is  added  to 
render  it  sUghtly  alkaUne.     An  excess  of  the  /8-napthaquinone- 
sodium-monosulphonate  is  now  added  to  this  solution.     This 
substance  in  the  course  of  a  few  minutes  reacts  almost  completely 
with  the  indol  present  but  not  with  the  skatol,  and  the  result  of 
the  reaction  is  the  appearance  of  the  blue  or  purpUsh-blue  precipi- 
tate of  the  newly  formed  indol  naphthaquinone  compound,  which 
may  be  removed  by  filtration.     In  cases  where  the  concentration 
of  indol  is  too  small  to  give  rise  to  a  precipitate  when  treated 
with  the  napthaquinone  compoimd  the  solution  simply  develops 
a  green  or  greenish-blue  color.     The  solution  is  now  acidified  and 
subjected  to  distillation  (with  or  without  the  use  of  steam). 
The  skatol  passes  over  into  the  distillate ;  the  indol  is  held  back 
in  the  form  of  the  napthaquinone  compoimd  with  the  exception 
of  a  very  small  uncombined  portion  which  passes  over  with  the 
skatol.     The  amoimt  of  indol,  however,  which  passes  over  after 
treatment  with  naphthaquinone  is  so  small  that  it  is  practically 
negUgible,  although  its  presence  is  detectable  through  the  red  color 
which  it  gives  when  acted  upon  by  dimethylamidobenzaldehyde. 
The  distillate  containing  skatol  is  boiled  with  a  solution  of  Ehr- 
lich's  aldehyde  in  sulphuric  acid.^     A  sUght  amoimt  of  dilute 
hydrochloric  acid  is  now  added  and  has  the  effect  of  intensify- 
ing the  blue  color  produced  by   boiling   the   skatol   with   the 
Ehrlich  aldehyde  solution.     A  little  experience  is  required  to  find 
the  amount  of  hydrochloric  acid  which  gives  the  maximal  intensi- 
fication of  the  reaction.    An  excess  of  hydrochloric  acid  causes  the 
blue  color  to  fade.     It  is  important  to  use  an  excess  of  the  Ehrlich 
aldehyde  solution  in  order  to  develop  fully  the  color  reaction 
with  skatol.     The  color  obtained  through  the  action  of  EhrUch's 
aldehyde  upon  skatol  is  purple-blue  rather  than  blue  so  long  as 
the  solution  is  hot.     On  cooling  it  under  the  tap  the  blue  color 
asserts  itself  more  strongly  and  the  solution  may  become  some- 
what opalescent  from  the  separation  of  uncombined   dimethyl- 
amidobenzaldehyde.    Chloroform  is  now  added  to  the  solution 
containing  the  blue  product.     On  agitation  with  the  solution 
this  carries  out  the  blue  color,  and  the  chloroform  assumes  a 
pure  blue  tint.     By  means  of  a  good  colorimeter  the  quantity 

»  Five  per  cent,  aldehyde  in  ten  per  cent,  sulphuric  acid. 
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of  skatol  present  in  the  original  solution  may  be  approximated 
by  the  intensity  of  the  color  reaction. 

On  evaporating  the  chloroform  containing  the  blue  color 
resulting  from  the  action  of  dimethylamidobenzaldehyde  on 
skatol  one  obtains  an  amorphous  blue  material  which  can  be 
partially  purified  from  the  admixture  with  Ehrlich's  aldehyde 
by  the  use  of  petroleum  ether.  The  nature  of  this  compound  is 
not  at  present  known.  The  melting-point  of  our  preparation  lay 
between  65^  C.  and  66''  C. 

Apparently  few  micro-organisms  growing  on  bouillon  are  capa- 
ble of  making  skatol,  at  least  within  a  week  or  ten  days,  although 
many  bacteria  are  able  in  the  same  length  of  time  to  produce 
considerable  indol.  It  was  found  that  by  inoculating  an  aspara- 
gus-bouillon medium  with  mixed  flora  from  the  feces  of  a  normal 
pig  or  from  certain  human  fecal  material  considerable  skatol 
was  formed  in  the  course  of  two  weeks.  ^  From  a  putrefactive 
mixture  obtained  by  the  action  of  pig's  feces,  17 .  29  milligrams^ 
of  skatol  were  recovered  from  244  cubic  centimeters  of  the 
asparagus-bouillon  medium — a,  very  large  yield  of  skatol.  The 
separation  of  skatol  from  the  culture  was  in  this  case  easily 
effected  by  means  of  the  method  outlined,  and  the  blue  compound 
obtained  in  chloroform  solution  was  indistinguishable  from  that 
obtained  from  a  pure  solution  of  skatol. 

In  another  instance  in  which  indol  was  present  in  a  culture 
containing  a  larger  quantity  of  skatol  than  indol,  an  equally 
satisfactory  separation  was  made. 

The  method  of  separating  indol  and  skatol  here  described  has 
been  used  in  a  routine  way  during  the  past  eight  months  in  con- 
nection with  the  study  of  the  feces  and  has  given  satisfaction. 
To  twenty-five  grams  of  the  material  has  been  added  twenty 
cubic  centimeters  of  water  and  one  to  two  cubic  centimeters  of 
a  ten  per  cent,  sodium  hydroxide  solution.  The  suspension  is 
then  subjected  to  distillation  with  the  aid  of  steam  until  the 
distillate  no  longer  gives  a  color  reaction  when  boiled  with  the 

»  The  exact  conditions  that  must  prevail  to  secure  this  large  formation 
of  skatol  have  not  been  determined  and  difficulty  has  been  met  with  in 
duplicating  these  results  at  will. 

» This  result  was  reached  by  a  colorimetric  observation.  Other  obser- 
vations on  the  same  material  gave  the  following  fairly  concordant  results: 
17.87  mg.,  18.62  mg.,  i8.6a  mg.,  19.29  mg. 
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dimethylamidobenzaldehyde  solution.  Ordinarily  the  indol  and 
skatol  present  go  over  completely  within  an  hour,  but  where  the 
material  develops  frothing  a  more  prolonged  distillation  may  be 
necessary.  When  the  distillate  has  been  obtained,  it  is  treated 
in  the  mannner  above  outlined  for  the  separation  of  indol  and 
skatol.  In  some  cases  one  obtains  only  skatol  from  the  feces, 
but  as  a  rule  indol  is  also  present.  In  the  presence  of  indol  the 
chloroform  extract,  instead  of  being  a  pure  blue,  may  have  a 
slightly  purplish  tinge',  owing  to  tmavoidable  admixture  with  a 
slight  amount  of  indol. 

It  is  important  in  making  the  colorimetric  estimations  of  the 
quantity  of  skatol  present  to  employ  a  standard  color  solution 
for  comparison  with  the  color  obtained  from  the  distillate  con- 
taining the  skatol.  Various  dyes  have  been  tried  with  a  view 
to  obtaining  a  standard  solution  which  will  retain  its  color 
unchanged.  Experience  has  shown  that  the  best  standard  color 
solution  is  one  obtained  from  a  solution  of  skatol.  Although 
such  a  solution  fades  after  a  few  days,  especially  when  exposed 
to  the  light,  and  may  assume  a  greenish  tint,  in  the  dark  it  may 
last  several  weeks  without  imdergoing  appreciable  change. 
Moreover  as  the  skatol  standard  solution  is  readily  prepared, 
there  is  Uttle  disadvantage  from  being  compelled  to  renew  the 
color  solution  from  time  to  time.  This  solution  may  be  con- 
veniently prepared  by  dissolving  five  milligrams  of  skatol  in 
water  and  acting  upon  it  with  an  excess  of  dimethylamidobenzal- 
dehyde. It  ^commonly  requires  from  one  hundred  to  one 
hundred  and  fifty  cubic  centimeters  of  chloroform  to  extract 
completely  the  blue  coloring  matter  which  has  already  been 
described.  The  quantity  of  coloring  matter  present  is  sufficient 
to  impart  a  deep  blue  color  to  this  volume  of  chloroform.  Ten 
cubic  centimeters  of  this  solution  are  placed  in  the  receptacle 
of  the  Duboscq  colorimeter  and  used  as  a  standard  for  compari- 
son with  the  chloroform  color  solution  obtained  from  the  dis- 
tillate to  be  tested.  The  matching  of  the  colors  can  usually  be 
made  very  closely.  In  cases  where  the  quantity  of  skatol  is  so 
small  that  the  trace  of  indol  present  influences  the  color  of  the 
chloroform  solution,  changing  it  to  violet  or  even  purple,  it  is 
more  difficult  to  obtain  a  satisfactory  matching  of  colors.  In 
this  case  it  may  be  necessary  to  add  a  small  quantity  of  indol  to 
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the  skatol  employed  in  making  the  standard  color  solution. 
This  then  imparts  to  the  standard  color  solution  a  violet  tint 
like  that  obtained  from  the  distillate  to  be  matched.  It  seems 
unnecessary  to  give  further  details.  After  some  experience 
with  the  method  of  matching  colors  it  is  possible  to  employ  the 
method  so  that  it  will  give  satisfactory  quantitative  results. 


Reprinted  from  The  Journal  of  Hiological  Chemistry,  Vol.  I,  Nos.  2  and  3. 
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OF  INDOL. 

By  C  a.  HERTER  and  M.  LOUISE  FOSTER. 
(Received  for  publication,  November  20,  1905.) 

The  condensation  of  indol  with  ^-naphthaquinone-sodium- 
monosulphonate,  a  color-reaction  at  once  sensitive  and  striking, 
has  been  used  by  us  ab  the  basis  of  a  method  for  the  quantitative 
estimation  of  indol.  In  a  previous  paper  ^  by  one  of  us,  a  de- 
scription of  this  reaction  is  given.  A  dilute  solution  of  indol 
(say  1:100.000  parts  water),  made  sHghtly  alkahne  with  potas- 
sium hydroxide,  gives  with  one  drop  of  2  per  cent,  naj^tha- 
quinone-soditun-monosulphonate  a  blue  or  green-blue  color.  This 
color  is  varied  by  excess  of  either  reagent  and  by  heat.  If  to  a 
warm,  more  concentrated  solution  of  indol  the  alkali  is  added 
and  then  the  napthaquinone  compound,  a  dark  precipitate 
is  formed,  which  upon  examination  will  be  found  to  consist  of 
well-defined  acictilar  needles,  bluish  in  color,  and  closely  felted 
together.  This  compound  is  very  slightly  soluble  in  water. 
more  soluble  in  alkali,  and  moderately  soluble  in  chloroform, 
with  the  production  of  a  red  color. 

Analysis  to  determine  the  nitrogen  content  of  this  substance 
showed  the  presence  of  two  nitrogen  atoms  in  the  molecule,  in- 
dicating that  the  compound  is  derived  from  two  molecules  of 
indol,  while  the  determination  of  the  sulphur  content  made  it 
evident,  first,  that  the  sulphonic  acid  grouj)  is  retained,  and 
secondly,  that  but  a  single  molecule  of  /^-napthaquinone-sodium- 
monosulphonate  enters  into  the  combination.  The  condensa- 
tion probably  takes  place,  therefore,  between  one  of  the  carbonvl 
groups  of  the  napthaquinone  compound  and  the  imide  groups 
of  the  indol  molecules,  with  the  elimination  of  water.  It  is 
probable  that  the  indol  substituents  occupy  the  para  position 
to  the  sulphonic  acid  group,  and  that  the  constitution  of  the 
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compound,  di-indyl-di-hydronaphthaline-keto-sodium-monosul- 
phonate  may  be  represented  thus: 


/\ 


y\ 


N  N 


\y\^ 


so,  Na 

It  must  be  admitted,  however,  that  other  constitutions  for  this 
compound  are  imaginable,  and  it  must  not  be  forgotten  that  the 
pyrrol  ring  may  be  broken  at  the  double  bond. 

A  slight  blue  precipitate  forms  in  solutions  containing  one 
part  of  indol  to  256,000  parts  of  water;  in  greater  dilution 
the  coloration  is  green,  and  fails  entirely  when  the  dilution  is 
1:1,024,000  parts.  Chloroform  indicates  the  presence  of  di- 
indyl-di-hydronaphthahne-keto-sodiimi-monosulphonate  by  its 
faintly  pink  color,  even  in  this  extreme  dilution.  The  sensi- 
tiveness of  the  di-indyl-di-hydronaphthaline-keto-mono-sulpho- 
nate  reaction,  the  insolubility  of  the  newly  formed  compotind 
in  water,  and  the  thorough  extracting  power  of  chloroform 
suggested  the  possibility  of  a  quantitative  method  for  the  de- 
termination of  indol  and  experiments  were  made  with  this  idea 
in  view. 

Some  carefully  prepared  di-indyl-di-hydronaphthaline-keto- 
sodium-monosulphonate  was  washed  and  dried  to  constant 
weight,  placed  in  a  separatory  funnel  in  which  was  a  small 
quantity  of  water,  and  extracted  with  chloroform  in  small  por- 
tions until  the  chloroform  showed  no  coloration.  The  com- 
bined portions  of  chloroform  were  then  distilled,  the  residue 
transferred  to  a  tared  watch-glass,  the  last  traces  of  chloro- 
form allowed  to  evaporate,  and  the  weight  obtained.  It  was 
foimd  that  essentially  the  entire  quantity  of  the  di-indyl  com- 
poimd  could  be  recovered. 

The  condensation  of  indol   with  the  naphthaquinone  com- 
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potind  requires  even  in  dilute  solutions  considerable  time  for  its 
completion,  and  it  has  been  fotind  desirable  to  allow  a  period  of 
not  less  than  ten  minutes  to^elapse  before  shaking  out  the  con- 
densation product  byjmeans^of  chloroform.  If  the  product  be 
shaken  out  with  chloroform  before  the  reaction  has  been  com- 
pleted, the  tmcombined  indol  passes  into  the  chloroform  and  a 
loss  is  thus  occasioned.  It  is  also  important  to  add  a  slight  ex- 
cess of  the  naphthaquinone  compoimd  in  order  to  secure  the 
condensation  of  all  the  indol  present.  The  naphthaquinone 
solution  should  be  added  in  an  amount  sufficient  to  give  the 
solution  a  distinctly  yellow  tinge  after  the  condensation  product 
has  been  shaken  out  with  chloroform,  this  tinge  being  an  evi- 
dence of  the  presence  of  the  naphthaquinone  compound  in 
excess. 

Another  experiment  was  performed  with  the  components  of 
the  above  compotind.  A  weighed  portion  of  indol,  0.02  gram, 
was  transferred  to  a  separatory  funnel  and  dissolved  in  the 
smallest  quantity  of  water  possible,  made  alkaline  with  potas- 
sium hydroxide,  and  the  naphthaquinone  compound  added  in 
slight  excess.  The  characteristic  precipitate  which  formed  was 
then  shaken  with  chloroform  until  the  latter  remained  un- 
colored,  the  chloroform  distilled,  and  the  residue  cooled  and 
weighed.  Of  the  original  indol,  96.5  per  cent,  were  recovered. 
Further  experiments  were  made  to  ascertain  whether  the  indol 
could  be  recovered  from  a  solution  containing  a  proteid.  A 
0.3  per  cent,  bouillon,  made  from  beef  extract  and  Witte's 
peptone,  was  selected  for  this  purpose.  A  weighed  portion 
(0.02  gram)  of  indol  was  dissolved  in  the  smallest  quantity  of 
water  and  added  to  about  150  c.c.  of  the  bouillon  and  the 
solution  made  slightly  alkaline  and  distilled.  The  last  portion 
of  the  distillate  was  tested  and  found  still  to  contain  traces  of 
indol;  100  c.c.  of  water  were  added  and  the  process  continued 
until  negative  restdts  were  obtained  on  testing  a  few  drops  of 
the  distillate  with  both  the  naphthaquinone  reagent  and  with 
para-dimethylamidobenzaldehyde.  The  distillate  was  then 
made  alkaline,  the  indol  precipitated  with  )3-naphthaquinone- 
sodium-monosulphonate,  and  the  di-indyl  compound  extracted 
with  chloroform.  Good  results  were  obtained,  even  with  a 
slightly  acid  bouillon. 
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A  similar  experiment  was  made  with  Dunham's  peptone 
solution,  and  equally  good  results  were  obtained,  97.3  per  cent, 
being  the  proportion  of  indol  recovered. 

Some  observations  have  been  made  which  indicate  that  the 
method  here  described  will  prove  of  service  in  determining  the 
indol  content  of  the  feces.  The  material  to  be  examined  is 
rendered  alkaline  with  caustic  potash  in  order  to  hold  back 
phenol.  Distillation,  preferably  with  steam,  is  then  practiced. 
The  distillate  contains  ammonia  and  perhaps  indol  and  skatol. 
In  order  to  remove  the  anmionia,  which  gives  a  green  color  with 
the  naphthaquinone  compound,  it  is  necessary  to  acidify  the 
distillate  and  distill  again.  This  distillate  contains  the  indol 
and  skatol.  The  indol  is  separated  from  the  solution  by  adding 
to  it  an  excess  of  the  naphthaquinone  compoimd  and  then 
alkalizing  with  caustic  potash.  Under  these  conditions  the 
blue  condensation  product  of  indol  and  naphthaquinone  is 
gradually  formed  and  can  be  almost  completely  shaken  out  by 
chloroform.  A  large  excess  of  the  naphthaquinone  compound 
should  be  avoided,  as  this  substance  passes  to  a  slight  extent 
into  the  chloroform  and  may  thus  slightly  modify  the  red  color 
imparted  to  it  by  the  indol  compotmd. 

It  has  been  easy  to  show  by  means  of  this  method  that  there 
is  a  rough  parallelism  between  the  intensity  of  the  indican 
reaction  of  the  urine  and  the  quantity  of  indol  in  the  feces. 

If  the  quantity  of  indol  to  be  determined  is  very  small  (say 
less  than  0.25  mg.),  it  is  necessary  to  concentrate  the  red  com- 
pound by  evaporation,  and  in  any  case  one  should  employ  for 
the  colorimctric  determination  of  indol  a  distinctly  pink  solution 
of  the  di-indyl  compound  in  chloroform.  The  quantity  of  indol 
present  may  now  be  estimated  colorimetrically,  preferably  by 
means  of  the  Duboscq  colorimeter.  It  has  been  found  that  a 
solution  of  Casella  &  Co.'s  briUiant  cochineal  can  be  used  for 
comparison,  as  it  gives  tints  closely  resembling  those  of  the 
indol  compound  in  chloroform,  but  it  is  preferable  to  use  as  a 
standard  of  comparison  a  chloroform  solution  of  the  indol  con- 
densation product  kept  for  this  purpose  or  made  up  freshly- 
For  this  purpose  0.5  milligram  of  indol  may  be  employed  and  its 
compound  dissolved  with  10  or  15  c.c.  of  chloroform.  The 
chloroform  solutions  to  be  compared  are  then  placed  in  the  cups 
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belonging  to  the  Duboscq  instrument.  By  means  of  this  in- 
strument it  is  possible  to  obtain  fairly  close  correspondences 
between  solutions  of  the  condensation  product  prepared  from 
equal  quantities  of  indol.  We  have  thus  a  standard  for  com- 
parison with  the  condensation  product  obtained  from  the  indol 
distilled  from  the  faeces  or  other  putrefactive  xnaterial.  It  is 
believed  that  this  method  will  prove  more  accurate  than  any 
now  in  use  for  the  quantitative  determination  of  indol  and  it 
can  be  recommended  for  simplicity. 

The  reagent  with  which  the  condensation  with  indol  is  brought 
about  is  at  present  difficult  to  obtain  in  this  coimtry,  but  it  is 
our  intention  to  request  the  leading  dealer  in  chemicals  in  New 
York  to  import  it  and  keep  it  in  stock.  Dr.  T.  Schuchardt  of 
GkJrlitz,  Germany,  has  recently  listed  the  ammonium  salt  of  the 
naphthaquinone  compound,  which  one  would  expect  to  answer 
the  requirements  as  well  as  the  sodium  salt. 


■.  "n  )i     .w  ri 
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OH  A  RELATION  BETWEEN  SKATOL  AND  THE  DIHETHYL- 
AMIDOBENZALDEHYDE  (PARA)  REACTION 

OF  THE  URINE. 

By  C.  a.  HERTER. 
(Received  for  publication,  November  16,  1905.) 

In  1901  Ehrlich  ^  showed  that  most  urines  have  a  constitution 
which  is  capable  of  entering  into  color  reactions  with  p-di- 
methylamidobenzaldehyde  (Ehrlich's  aldehyde).  The  reagent 
is  employed  in  acid  solution,  generally  with  the  aid  of  heat,  and 
the  cherry-red  produced  fades  to  orange-yellow  on  standing 
(rapidly  in  the  presence  of  excess  of  acid),  and  is  partly  soluble 
in  chloroform  and  completely  so  in  epichlorhydrin.  The  ap- 
pearance of  the  color  is  prevented  by  treating  the  urine  with  an 
aliphatic  aldehyde-  like  formahn,  probably  because  the  reacting 
substance  in  the  urine  is  firmly  tmited  to  the  aldehyde  and  thus 
prevented  from  combining  with  the  color-producing,  aromatic 
aldehyde.  It  was  noticed  by  Ehrlich  that  the  intensity  of  the 
reaction  is  apt  to  be  great  in  pathological  urines,  including  those 
from  patients  with  phthisis,  typhoid  fever,  and  chronic  enteritis, 
and  Clemens  observed  that  persons  with  digestive  distiu-bances 
are  among  those  whose  urines  are  likely  to  give  a  strong  reaction. 
It  has  not  been  possible,  however,  for  those  who  have  heretofore 
worked  on  the  subject,  either  to  attach  to  the  Ehrlich  aldehyde 
reaction  any  definite  clinical  significance  or  to  discover  the 
chemical  nature  of  the  substance  in  the  urine  on  which  it  de- 
pends. Still  it  appears  that  observers  are  agreed  that  in  its 
intense  form  the  reaction  is  pathological.  Hence  any  light  on 
the  nature  of  the  reaction  is  of  medical  as  well  as  of  biological 
interest. 

While  engaged  in  testing  the  lu-ines  of  various  persons  with 
the  Ehrlich  aldehyde,  it  appeared  to  me  that  the  urines  of  persons 
with  urinary  evidences  (excess  of  indican  and  phenol)  of  ex- 
aggerated intestinal  putrefaction  are  especially  liable  to  exhibit 
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the  deepest  cheny-color  tints  on  being  treated  with  the  reagent, 
and  that  the  tirines  of  normal  children  (whose  intestinal  putre- 
factive processes  are  apt  to  be  mild)  often  gave  negative  or 
almost  negative  results.  This  observation  suggested  the  de- 
sirability of  determining  whether  the  intensity  of  the  reaction 
is  influenced  by  the  presence  of  derivatives  of  putrefactive  sub- 
stances in  the  luine.  Before  making  experiments  in  this 
direction,  it  was  decided  to  determine  whether  the  introduction 
of  large  amoimts  of  free  haemoglobin  simultaneously  into  the 
blood  and  into  the  intestine  is  followed  by  the  intensification  of 
the  Ehrlich  aldehyde  reaction  of  the  luine,  due  to  the  formation 
of  a  biliary  chromogen  (urobilinogen)  and  perhaps  haemo- 
pyrrol.^  A  dog  of  medium  size  was  bled  150  c.c.  and  the  de- 
fibrinated  blood  laked  with  distilled  water.  One-half  the  laked 
blood  was  infused  intravenously  and  the  other  half  was  put  in 
the  stomach  of  the  dog.  The  urine  remained  negative  so  far  as 
the  Ehrlich  aldehyde  reaction  was  concerned. 

Experiments  were  next  made  with  indol  and  skatol.  Indol 
is  well  known  to  give  a  pink  condensation  product  with  Ehr- 
lich's  aldehyde.  Skatol  gives  a  violet  or  blue  condensation 
product  with  the  substance.  The  administration  of  o.i  gram  of 
indol  to  a  dog  was  not  followed  by  any  alteration  in  the  Ehrlich 
aldehyde  reaction  of  the  urine. 

Experiments  with  skatol  (Kahlbatun's)  showed  that  the  ad- 
ministration of  the  substance  by  the  gastro-enteric  path  or 
subcutaneously  regularly  exerts  a  definite  influence  on  the  Ehr- 
lich aldehyde  reaction  of  the  urine,  as  the  following  notes 
indicate. 

Experiment  i. — Normal  dog,  weight  about  18  lbs.  Urine  negative  to 
Ehrlich's  aldehyde.  No  reaction  for  skatol  with  concentrated  hydro- 
chloric acid.  Bladder  emptied.  Gave  o.i  gm.  skatol  by  stomach.  Urine 
collected  i  hour  later  by  catheter  gives  fairly  strong  cherry- red  color  with 
Ehrlich's  aldehyde.  The  color  goes  over  readily  into  chloroform.  Urine 
collected  by  catheter  three  hours  after  skatol  gives  a  moderate  red  with 
Ehrlich's  aldehyde,  which  shakes  out  in  chloroform.     With  concentrated 

>  This  experiment  was  suggested  by  the  views  of  Neubaur  on  the  rela- 
tion of  haemopyrrol  (methyl propylpyrrol)  to  Ehrlich's  reaction.  See  O. 
Neubaur,  Sitzungsberichi  der  Gesellschajt  f.  Morphologie  u.  Physiologic ^ 
1903.  2,  p.  32. 
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hydrochloric  add  the  urine  gives  a  strong  skatol  red  reaction,  but  re- 
quires heat  to  bring  it  out.  Urine  collected  by  catheter  five  hotu^  after 
skatol  gives  with  Bhrlich's  aldehyde  a  pink  red,  quickly  becoming  dirty 
brown,  which  shakes  out  moderately  strong  yellow  red  in  chloroform. 

ExperimetU  2. — ^Rhesus  monkey  (No.  z),  weight  about  5  lbs.  Normal 
urine  collected  from  cage  and  filtered.  Sp.  gr.,  1.017.  With  Ehrlich's 
aldehyde  gives  slight  reaction  with  light  pink  color.  No  skatol  red  reac- 
tion with  cold  concentrated  hydrochloric  add.  Received  o.i  gm.  skatol 
subcutaneously.  Urine  of  following  seventeen  hours  collected  from  cage 
and  filtered.  Sp.  gr.,  1.025.  Gives  intense  cherry-red  reaction  with  Ehr- 
lich's aldehyde.  After  dilution  to  sp.  gr.  i.  014  still  gives  a  marked  cherry- 
red  reaction.  On  standing,  this  urine  gives  a  strong  skatol  red  reaction 
with  cold  concentrated  hydrochloric  add. 

Subsequent  urines  showed  a  falling  off  in  the  intensity  of  the  aldehyde 
reaction.  A  urine  collected  from  cage  about  forty-dght  hours  after  the 
skatol  injection,  diluted  to  sp.  gr.  i.oz6,  gave  a  moderately  strong  Ehrlich 
reaction.  Concentrated  hot  hydrochloric  acid  gave  a  slight  skatol  red 
reaction.  A  second  injection  of  o.z  gm.  skatol  was  followed  after  eight 
hours  by  collection  of  a  urine  which,  after  dilution  to  sp.  gr.  1.015,  gave 
an  intense  cherry-red  with  Ehrlich's  aldehyde.  On  cooling  suddenly 
there  occurred  a  brownish  precipitate.  Chloroform  takes  out  a  red  color- 
ing matter,  leaving  behind  a  purplish  material.  Formic  aldehyde  quite 
prevents  the  reaction.  Concentrated  hydrochloric  add  gives  a  strong 
skatol  red. 

TJrine  collected  twenty-four  hours  after  the  second  injection  still  gives 
a  strong  aldehyde  reaction.     Sp.  gr.,  1.013. 

Urine  collected  forty-eight  hours  after  the  second  injection  gives  a 
slight  Ehrlich  reaction.     Sp.  gr.,  1.015. 

Urine  collected  four  hotu-s  after  a  third  injection  of  o.i  gm.  skatol 
gives  an  intense  cherry-red  Ehrlich's  reaction.     Sp.  gr.  not  taken. 

Urine  collected  dght  hours  after  the  third  injection  gives  an  extremely 
intense  ruby-red  color  with  Ehrlich's  reagent. 

Experiment  3. — Rhesus  monkey  (No.  2).  Urine  collected  from  cage, 
sp.  gr.,  i.oao,  diluted  to  1.013,  gives  slight  reaction  with  Ehrlich's  alde- 
hyde. Thirty  hours  after  subcutaneous  injection  of  0.1  gm.  skatol,  urine 
diluted  to  1.013  sp.  gr.  gives  strong  to  intense  Ehrlich's  aldehyde  reaction. 
Urine  collected  forty-eight  hours  after  injection  of  skatol,  diluted  to  sp.  gr. 
1. 018,  gives  intense  Ehrlich  reaction.  Urine  collected  seventy-two  hours 
after  injection  (sp.  gr.,  i.oii)  gives  moderate  Ehrlich  reaction.  Urine 
collected  ninety-six  hours  after  injection  (sp.  gr.,  1.017)  gives  moderately 
strong  Ehrlich  reaction  and  slight  skatol  red  with  concentrated  hydro- 
chloric add  (with  slight  heat). 

Urine  collected  five  hours  after  second  injection  of  o.  i  gm.  skatol  sub- 
cutaneously (sp.  gr.,  1. 01 2)  gives  intense  cherry -red  reaction  with  Ehr- 
lich's aldehyde.  The  color  goes  over  completely  into  epichlorhydrin. 
The  reaction  is  checked  by  formic  aldehyde.  The  urine  gives  an  intense 
red  with  concentrated  hydrochloric  acid  (with  slight  heat). 
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Experiment  4. — On  Nov.  6,  at  10  a.m.,  a  healthy  man  passed  urine 
(sp.  gr.,  1.020)  giving  a  marked  reaction  with  Ehrlich's  aldehyde.  He 
then  took  0.025  Z^-  skatol  (in  solution)  by  the  mouth,  and  at  i  p.m. 
this  dose  was  repeated.  At  i  p.m.  urine  was  passed  and  diluted  to  sp.  gr. 
1.020.  Ehrlich's  reaction  was  of  about  the  same  intensity  as  in  the  pre- 
ceding urine.  The  skatol  red  reaction  was  stronger.  Urine  passed  at 
3.15  P.M.  (sp.  gr.,  1.026)  was  diluted  to  sp.  gr.  1.023  and  gave  an  intense 
Ehrlich  reaction  (distinctly  more  intense  than  in  previous  urines).  Urines 
subsequently  passed  gave  a  strong  or  moderate  Ehrlich  reaction.  During 
the  morning  of  Nov.  8,  the  subject  took  0.050  gm.  skatol.  Urines  passed 
about  two  hours  and  about  four  hours  after  the  last  dose  of  skatol  gave 
intense  Ehrlich  reactions.  Urines  passed  subsequently  gave  weaker  reac- 
tions, but  on  the  following  day  a  urine  was  obtained  which  gave  an 
intense  reaction. 

Experiment  5. — Urine  from  a  normal  man  collected  at  8  a.m.,  Nov.  19, 
gave  a  slight  reaction  with  Ehrlich>  aldehyde — almost  negative.  Urine 
collected  at  10.45  a.m.  also  gave  a  slight  reaction.  At  zo.40  a.m.  the  sub- 
ject took  0.05  gm.  skatol  in  gelatin  capsule  with  water.  No  symptoms 
were  noted. 

Urine  secreted  from  12  M.-4  p.m.  gives  marked  reaction. 

* 4  P.M.-6  P.M.      " 

6  P.M.-8  P.M.      " 

All  the  urines  used  in  the  above  tests  were  diluted  with  water  to  sp.  gr. 
1. 010.  The  increase  in  the  intensity  of  the  reaction  after  taking  skatol 
was  unquestionable. 

The  experiments  here  described  show  clearly  that  the  ad- 
ministration of  skatol  was  followed  regularly  by  an  intensifica- 
tion of  the  Ehrlich  aldehyde  reaction  of  the  urine,  and  this  result 
was  especially  striking  in  the  case  of  Experiment  2  and  Ex- 
periment 3.  The  intensified  reaction  did  not  differ  from  the 
spontaneous  reaction  in  respect  to  the  partial  solubility  of  the 
cherry-red  color  in  chloroform  and  the  complete  solubility  in 
epichlorhydrin.  It  also  resembled  the  spontaneous  reaction  in 
being  abolished  by  the  action  of  formic  aldehyde.  Whether  the 
intensified  color  following  upon  the  administration  of  skatol  has 
the  same  spectroscopic  characters  as  the  spontaneous  color  re- 
action I  am  unable  to  say.  There  was  in  all  the  experiments  a 
rough  correspondence  between  the  Ehrlich  reaction  and  the 
reaction  with  concentrated  hydrochloric  acid,  known  as  the 
skatol  red  or  urorosein  reaction,  but  no  close  parallelism  between 
the  former  and  the  reaction  of  indican. 

The  urine  of  the  subject  of  Experiment  4  habitually  gives  a 
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pronounced  Ehrlich  aldehyde  reaction,  and  on  this  account  the 
intensification  after  skatol  is  perhaps  less  convincing  than  in  the 
case  of  the  other  observations.  Nevertheless  I  consider  the  in- 
crease in  this  case  also  to  have  been  distinct.  The  urine  from 
the  subject  of  Experiment  4  showed  a  distinct  increase  in  the 
intensity  of  the  reaction  after  the  administration  of  skatol  by 
mouth,  but  the  increase  was  less  than  that  noted  in  the  experi- 
ments on  monkeys. 

These  observations  are  recorded  in  order  to  draw  attention  to 
the  fact  that  the  appearance  of  a  skatol  derivative  in  the  urine 
is  capable  of  intensifying  the  Ehrlich  aldehyde  reaction  of  the 
urine  or  of  forming  the  chief  basis  of  a  reaction  indistinguish- 
able from  it  by  ordinary  tests.  I  do  not  venture  from  the  few 
experiments  I  have  made  to  assiune  that  the  skatol  derivative  is 
the  usual  cause  of  the  very  commonly  observed  reaction  with 
paradimethylamidobenzaldehyde,  but  it  is  worth  while  to  investi- 
gate the  reaction  with  this  possibility  in  mind.  It  is  not  possible 
at  present  to  feel  certain  that  the  intensification  I  have  noted  has 
all  the  characteristics  of  the  true  Ehrlich  reaction.  But  the 
observed  facts  are  of  sufiScient  interest  to  make  it  desirable  to 
study  carefully  the  occurrence  of  skatol  *  in  the  intestinal  con- 

«  The  separation  of  skatol  from  indol  is  rendered  comparatively  easy 
by  means  of  the  following  procedure.  The  intestinal  contents  or  feces 
are  distilled  alkaline.  The  distillate  is  then  distilled  acid,  and  to  this 
acid  distillate  is  added  a  solution  of  >5-naphthaquinone-soditma-monosul- 
phonate.  On  the  addition  of  potassium  hydroxide  in  excess  there  occurs 
the  formation  of  the  blue  condensation  product  of  indol  and  the  naphtha- 
quinone  compound,  in  the  event  of  indol  being  present.  On  the  addition 
of  acid  the  color  of  the  indol  derivative  is  altered  to  yellow,  and  the  solu- 
tion is  now  distilled.  The  distillate  contains  skatol  but  no  indol,  pro- 
vided skatol  was  present  in  the  original  distillate.  The  presence  of  skatol 
is  readily  ascertained  by  use  of  the  paradimethylamidobenzaldehyde 
reaction,  which  gives  a  blue  or  violet  color  which  can  be  shaken  out  by 
means  of  chloroform.  Further  details  of  this  procedure  will  be  given  in 
a  later  communication,  as  it  is  believed  that  it  will  much  facilitate  the 
separation  of  skatol  and  indol  from  putrefactive  material. 

In  a  previous  paper  (Jour.  Exper,  Med.,  March,  1905)  it  was  errone- 
ously stated  that'  the  naphthaquinone-sodium-monosulphonate  gives  a 
violet  condensation  product  with  skatol.  This  error  is  due  to  my  having 
confounded  a-methyl-indol  with  skatol,  and  the  statements  contained 
in  the  paper  just  mentioned  are  true  of  a-methyl-indol,  but  not  of  skatol. 
The  fact  that  skatol  does  not  give  a  condensation  product  with  the 
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tents  in  relation  to  the  behavior  of  the  tirine  with  Ehrlich 's 
aldehyde.* 

The  tests  of  the  tirine  were  made  for  the  most  part  with  the 
aid  of  heat,  although  pronounced  diflEerences  were  also  observed 
when  the  reaction  was  carried  out  in  the  cold. 


Note  during  proof-reading. — Since  the  above  was  written,  I 
have  fotmd  that  in  persons  whose  urines  give  a  strong  Ehrlich 
reaction  the  feces  contain  skatol,  but  that  in  persons  whose 
tuines  are  negative  to  the  aldehyde  there  can  be  recovered  little 
or  no  skatol  from  the  feces.  No  exception  to  this  correspondence 
has  yet  been  observed,  and  I  am  disposed  to  think  that  the  ab- 
sorption of  skatol  from  the  intestine  is  a  common  cause  of  the 
aldehyde  reaction.  The  behavior  of  the  urines  to  concentrated 
hydrochloric  acid  also  supports  this  view. 

I  have  further  observed  that  the  subcutaneous  injection  of 
tryptophane  in  monkeys  causes  an  increase  in  the  Ehrlich 
aldehyde  reaction  of  the  urine.  In  one  instance  the  indican 
reaction  was  also  increased. 

naphthaquinone  compotind  forms  the  basis  of  the  method  of  separation, 
the  outlines  of  which  are  given  above. 

>  A  good  discussion  of  Ehrlich's  dimethylamidobenzaldehyde  reaction 
in  the  urine  by  C.  E.  Simon  may  be  found  in  the  American  Journal  of  the 
Medical  Sciences,  cxxvi,  p.  471,  1903.  Bauer  {Zentralblatt  fur  Innere 
Medicin,  1905,  No.  34,  p.  833)  brings  forward  evidence  to  support  the 
view  that  the  Ehrlich  reaction  depends  on  urobilogen.  This  view  ap- 
pears to  me  not  irreconcilable  with  the  experimental  results  obtained 
by  me. 
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&.RACTER   OF  THE   BACTERIAT,    FLORA   OF  CAHNIVOR 
AND   OF   HERBIVOROUS  ANIMALS. 


I  Is  the  course  of  the  study  of  anaerobes  of 
i  homaD  inteatiQe  it  appeared  desirable  to 
metfaing  aboat  tbe  characters  of  the 
Tial  flora  inhabiting  the  large  intestine 
t  Tarious  domestic  and  wild  animala.     It  naa 
rticed  that  in  the  dog,  which  is  frequently 
iduaively  carnivorous,  the  intestinal  contents 
9  ahowed  the  presence  of  large  numbere  of 
spore-bearing    bacilli    and   vegetative 
a  of  anaerobea.     The  nnmbers  present  in 
I  feces  vere  noted  to  be  especially  large  in 
ue  saimals  which  had  been  exclusively  fed 
A  study  of  a  grown  cat  fed  upon 
t  showed  the  presence  of  Gram-posi- 
B  vegetative  anaerobes  from  one  end  of  the 
I  tract  to   the  other.     Flora  derived 
I  tha  stomach,  small  intestine  and  large 
tine  were  inoculated  and  grown  In  bouil- 
B  and  showed  an  abundant  production 
methyl    mercaptan   as    well    aa    hydrogen 
The  numbers  of  colon  bacilli  pres- 
1  this  case  were  relatively  Hmall  bs  com- 
I  with  the  anaerobes.     The  study  of  the 
I  obtained  on  anaerobic  plates  showed 
(■t  a  lu^  portion  of  the  organisms  present 
I  the  intestinal  tract  were  B.  aerogenei  cap- 
ravenous  infusion  of  these  organ- 
a  into  a  rabbit  which  was  afterwards  killed 
I  incubated  showed  in  a  high  degree  the 
ipical  gas- formation.' 

i'  uicuba.tion  method  of  Welch  and  Nuttall 
a  their  observation  that  the  gas  bacillus 
a  gas  abundantly  in  the  blood,  organs  and 
I  of  rabbits  killed  a  few  minutes  after  in. 
I  Injection.  Here  tbe  blood  and  tissues 
gtiie  nbbit  act  as  a  peculiarly  favorable  culture 
1  for  the  growth  of  the  gas  bacillus,  the 
T  having  been  thoroughly  spread  by  the  blood 
Igh  the  body,  and  the  conditions  being 
A  Buspt^nsion  of  the  fecrea  to  be  tested  is 
i  by  grinding  1  gram  of  the  fresh  material 
.  of  0,35  per  cent,  salt  solution  and 


Obeervations  on  other  cats  showed  th« 
ence  of  considerable  numbers  of  spore-b 
bacilli  and  free  spores,  sometimes  in  c 
in  addition  to  vegetative  forms  of  anat 
The  position  of  these  spores  and  spore-h' 
bacilli  has  not  been  established  in  a  bai 
logical  sense.  Observations  were  also 
upon  the  intestinal  contents  of  the  wolf 
and  lion.  Several  different  tigers  were  ai 
and  the  observations  were  not  cott&aed 
examinatioa  of  one  lion  and  one  wolf, 
material  from  the  lion  showed  the  prese 
many  free  spores.  It  also  showed  the  pr 
of  considerable  numbers  of  Qram-p< 
bacilli,  suggesting  B.  aerogenes  eapai 
Gram-stained  preparations  from  wolves  s 
findings  similar  to  those  observed  in  th 
except  that  the  spore-holding  bacilli  wen 
numerous.  The  findings  in  the  case  o 
poeedly  healthy  tigers  were  not  eeeei 
different  from  those  in  the  case  of  th( 
and  lion.  In  the  case  of  one  tiger,  sui 
from  osteomalacia,  greatly  impaired  nut 
and  lose  of  strength,  the  microscopical 
derived  from  several  different  samples  oj 
revealed  the  presence  of  immense  numb 
free  spores  and  smaller  numbers  of  imn 
Gram-negative  spore-holding  bacilli, 
spores  developed  into  organisms  whicl 
sessed  all  the  generally  known  cultun 
biochemical  characters  of  B.  aerogenei 
sulatus,  including  the  ability  to  devt 
high  grade  of  gas-formation  in  rabbi 
Jected  and  incubated. 

It  was  found  that  bouillon  cultures  ■ 
mixed  fecal  flora  from  the  lion,  tiger 
and  cat  all  developed  quickly  a  sufficient 
filtering  through  absorbent  cotton.  One  < 
cubic  centimeters  of  this  suspension  are  tl 
jected  intravenously  into  >  rabbit  which  Is  c 
kilted  and  incubated  foi  ftve  bown  %!t  1%'C 


ity  of  ineth;!  raercaptan  to  give  promptly  a 
ery  well  developed  reaction  with  iMtin-aul- 
huric-acid. 

Esperiiuenta  were  made  with  the  mixed 
ecal  flora  from  these  carnivorous  animals  to 
etermine  their  pathogenicity  when  injected 
3to  the  subcutaneous  connective  tissue.  It 
Fould  have  been  better  to  have  worked  with 
ure  cultures  of  the  anaerobes  in  question, 
ut  opportunity  has  not  yet  arisen  to  isolate 
hem.  The  result  of  the  inoculations  into 
uinea-piga  was  the  same  in  each  instance, 
'he  animab  died  within  twenty-four  hours 
nd  usually  in  fifteen  to  eighteen  hours.  At 
utopsy  the  subcutaneous  connective  tissues 
'ere  hemorrhagic,  (edematous  and  showed 
ecrotic  changes  which  extended  in  some  in- 
tances  to  the  muscles.  Oas-formation  was 
ot  usually  noted  as  a  prominent  feature. 
'hese  pathological  alterations  were  not  con- 
ned to  the  site  of  inoculation  but  had  ex- 
mded  to  the  subculaneoua  connective  tissues 
hroughout  the  bojy  and  were  especially  pro- 
ounced  in  the  axillm  and  in  the  groin.  It  is 
nnecessary  to  enter  here  into  the  details  as 
)  the  character  of  the  organisms  recovered 
rom  these  lesions. 

We  may  contrast  with  these  findings  the 
bservations  made  upon  herbivorous  animals, 
^eluding  the  buffalo,  goat,  horse,  elephant 
nd  camel.  In  the  case  of  the  camel,  elephant 
nd  horse  the  preponderant  bacteria  in  the 
Iram-staiaed  fields  were  small  Gram-negative 
rganisms  which  were  regarded  as  special 
erms  of  B.  colt.  In  the  case  of  the  goat  the 
elds  contained  some  Gram -positive  bacteria 
nd  of  the  Grara-negative  ones  a  considerable 
umber  were  of  considerably  greater  length 
ban  the  dominant  small  forms  which  were 
egarded  as  belonging  in  the  class  of  colon 
acilli.  In  the  case  of  the  buffalo,  mixed 
elds  were  found  aa  regards  the  Gram-staining 
nd  many  of  the  positive  organisms  were 
Dund  to  be  small  diplococci  and  small  bacilli. 
n  none  of  these  animals  were  seen  any  organ- 
nns  suggesting  B.  aerogene*  capaulitlut  ex- 
epting  in  the  case  of  the  butTalo  where  tlie 
taiber  ot  fcaciUi  of  this  type  was  very  small. 
^^^A^iBg  o^Tguniama  were  not  observed, 
^^Mwte  nuatben    of  free   epores    wen 


noticed  in  all  the  fields  ezoe 
elephant.  In  the  fields  showing  the  larges 
number  of  spores  their  occurrence  was  far  lesi 
frequent  than  in  the  lion,  tiger,  wolf  or  eat 

The  mised  flora  of  these  different  herbivo 
reus  animals,  grown  upon  peptone  bouillon 
failed  to  show  the  production  of  methyl  mer 
captan  excepting  in  the  case  of  the  horee 
where  a  moderate  reaction  was  obtained. 

Observations  were  also  made  upon  the  effec 
of  suspensions  of  the  mixed  flora  from  her 
bivorous  animals  when  injected  subcutane 
oualy.  The  quantities  of  euapension  ug« 
were  usually  about  twice  as  great  as  in  thi 
case  of  the  suspensions  from  the  earnivoroui 
animals.  With  the  exception  of  the  suBpen 
siona  obtained  from  the  horse,  the  pathogen 
icity  of  these  suspensions  wag  found  to  b< 
slight,  the  guinea-pigs  frequently  living  twi 
or  three  days  or  entirely  recovering.  In  th< 
horse  were  found  hemorrhagic  and  o^ematou 
lesions  with  necrosis,  similar  to  those  founi 
in  the  carnivorous  animals.  Theee  lesioni 
were,  however,  less  pronounced  than  in  thi 
case  of  the  suspensions  from  the  camiTorotu 
animals.  In  the  case  of  the  elephant  a  con 
siderable  quantity  of  fibrinous  exudate  wbi 
found  about  the  point  of  inoculation.  N* 
(Edema  or  necrotic  change  was  observed  in  thi 
subcutaneous  tissues. 

A  further  confirmation  of  the  radical  differ 
ences  existing  in  the  intMtinol  tracts  of  car 
nivora  and  hcrbivora  is  furnished  by  a  seriei 
(■f  observations  with  the  Welch-Nuttall  incu 
bation  test.  Suspensions  were  made  from  thi 
feces  of  all  the  types  of  animaLa  mentionet 
and  equal  quantities  of  these  suspensions  wen 
infused  intravenously  into  a  series  of  livinj 
rabbits.  The  rabbits  were  then  quickly  killet 
and  incubated.  On  examination  after  twenty 
four  hours  it  was  found  that  all  the  rabbit) 
infused  with  suspensions  from  camivon 
showed  in  an  extreme  degree  the  characteristii 
putrefactive  changes  in  the  liver,  cellular  tis 
sues,  etc.,  induced  by  pure  cultures  of  B 
aerogirnet  eaf>*uialua  or  of  the  bacillus  o<: 
symptomatic  anthrax.  The  rabbits  infuset 
with  suspensions  made  from  the  feoes  of  tbl 
berbiTom 
aliithtei 


for  escb  group  of  animals  separated  the  ber- 
biTora  sharply  from  ihe  carnivora.  Examina- 
tion of  the  livers  showed  the  number  of  bac- 
teria in  the  carnivorous  series  to  be  many 
times  greater  than  in  the  herbivorous  series. 
The  microorganismfl  were  regarded  as  being 
almost  certainly  B.  aerogenea  capsulatut  on 
account  of  their  morphology  and  failure  to 
gporulate.  The  bacilli  of  symptomatic  an- 
thrax readily  sporulate  in  the  incubated  rab- 
bits. The  gas-baciUus  {B.  aerogenet  captK- 
latus)  does  not  sporulate  under  these  circum- 
stances. 

These  differencea  in  the  appearance  and  be- 
havior of  the  bacteria  derived  from  typical 
carnivora  and  herbivora  suggest  that  the  habit 
of  living  upon  a  diet  conaisting  exclusively  of 
raw  meat  entails  differences  in  the  types  of 
bacteria  that  cbaracterize  the  contents  of  the 
lai^  intestine.  The  occurrence  of  consider- 
able numbers  of  spore-bearing  organisms  in 
the  carnivora  points  to  the  presence  of  an- 
aerobic putrefactive  forms  in  great  numbers. 
The  reflulta  of  aubcutaneous  inoculations  into 
guinea-pigs  bear  out  this  view  and  indicate 
that  the  numbers  of  organisms  capable  of  pro- 
ducing a  hemorrhagic  cedema  with  tissue 
necrosis,  with  or  without  gas-production,  are 
very  considerable.  Unfortunately,  the  data 
pertaining  to  the  biological  properties  of  these 
pathogenic  anaerobes  are  at  present  insuffi- 
cient to  permit  us  to  classify  them  or  to  say 
more  of  their  nature  than  that  they  are  organ- 
ismB  representative  of  a  definite  group  of 
putrefactive  anaerohea  which  moke  butyric 
add  and  hydrogen  and  exert  a  peptonizing 
action  upon  living  tissues.  Nevertheless,  the 
observations  here  recorded  are  of  much  in- 
terest in  relation  to  the  bacterial  processes 
and  nutrition  of  herbivorous'  aa  distinguished 

'Many  of  the  herbivora  yielded  mixed  Son  in- 
capable  of  making  gaa  on  dextroae  bouillon. 


from  carnivorous  animals  and  ara  Blgni 
furthermore  for  the  interpretation  of 
terjal  conditions  found  in  man.  The  qiw 
arises  whether  the  abundant  use  of  meat 
a  long  period  of  time  may  not  favor  th 
velopment  of  much  larger  numbers  of  ( 
bearing  putrefactive  anaerobes  in  the 
tinal  tract  than  would  be  the  case  were  i 
ferent  typo  of  proteid  substituted  for  mi 

Inquiries  made  of  Dr.  Blair,  the  patho 
at  tbe  New  York  Zoological  Park,  elicite 
fact  that  while,  upon  the  whole,  the  cai 
rous  animals  are  apt  to  hve  somewhat  I 
than  the  herbivorous  animals  of  about 
size,  tbe  carnivora  are  much  more  like 
develop  conditions  of  advanced  an«mia  i 
later  years  of  their  lives  than  is  the  coaa 
the  herbivora.  Dr.  Blair  states  that  it  la 
in  the  later  years  of  life  for  the  carnivc 
show  a  much  diminished  volume  of  bloo< 
at  least  a  moderate  fall  in  the  hemog 
Instances  are  stated  to  be  not  uncommi 
which  a  pernicious  type  of  antemia  baa  i 
oped  in  the  carnivora.  On  the  can 
among  the  herbivora  it  is  said  that  pronoi 
amemias  are  very  occasional.  The  exa 
of  severe  aniemia  encountered  among  th< 
bivora  were  said  by  Dr.  Blair  to  be  in  i 
all  inatancea  referable  to  gross  animal 
sites. 

The  information  now  available  ind 
that  man  occupies  a  position  between  thi 
bivora  and  carnivora  with  respect  to  the 
hers  of  putrefactive  anaerobes  that  are  pi 
in  the  digestive  tract  and  their  proporti 
the  total  number  of  bacteria.  The  infl 
of  a  purely  vegetable  diet  on  the  one 
and  of  a  strict  meat  diet  on  the  other, 
these  anaerobes,  is  much  in  need  of  ci 
investigation. 

0.  A.  Heri 
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OH  GAS  PRODUCTION  BY  FECAL  BACTERIA  GROWN  ON 

SUGAR  BOUILLON. 

By  C.  A.  HERTER  and  HERBERT  C.  WARD. 
(Received  for  publication,  Jantiary  2$,  1906.) 

The  ingenious  and  helpful  studies  by  Professor  Theobald  Smith 
of  pure  cultures  of  bacteria  grown  in  fermentation  tubes  sug- 
gested to  us  that  something  might  be  learned  of  the  physiological 
attributes  of  the  mixed  bacteria  of  the  human  feces  when  these 
are  grown  in  health  or  disease  in  the  anaerobic  portion  of  fer- 
mentation tubes.  We  desire  to  record  here  briefly  the  results 
of  observations  on  the  gas  production  by  mixed  fecal  bacteria 
introduced  (in  a  water-suspension  designed  to  secure  repre- 
sentative bacteria)  into  fermentation  tubes  containing  sugar- 
peptone  solutions.  The  observations  on  gas  production  were 
recorded  at  the  end  of  about  forty-eight  hours*  sojourn  in  the 
incubator  at  37°  C,  and  are  given  in  terms  of  the  height  of  the 
coliunns  of  gas  in  millimeters.  Four  sugar-peptone  media  were 
used. 

The  basis  of  the  media  was  a  bouillon  medium  to  which  were 
added  different  sugars  in  a  concentration  sufficient  to  give  in 
each  instance  a  concentration  of  two  per  cent.  The  sugars  used 
were  dextrose,  a  levulose-dextrose  mixture  (Schering's  diabetin) 
lactose,  and  saccharose.  Nearly  uniform  results  in  gas  production 
were  obtained  in  duplicate  series  when  care  was  taken  to  insure  a 
uniform  distribution  of  the  inoculated  fecal  bacteria. 

The  gas  production  by  the  mixed,  unisolated  fecal  bacteria  of 
normal  individuals  was  found  to  be  influenced  somewhat  by 
dietetic  conditions  and  age.  Presumably  healthy,  breast-fed 
children  showed  a  smaller  gas  production  than  children  who  were 
bottle-fed  or  than  children  or  adults  on  mixed  diet.  In  the 
present  communication  reference  will  be  made  mainly  to  the  gas 
production  by  the  fecal  bacteria  of  normal  and  pathological 
adults  and  of  children  who  are  no  longer  infants. 

The  average  gas  production  noted  in  sixteen  observations  on 
the  fecal  bacteria  of  nonnal  individuals  was  103.65  mm.  for  the 
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four  tubes.  The  largest  gas  production  among  these  was  138, 
137,  and  129  mm.,  the  smallest,  65,  69,  and  72  mm.^  As  a  rule, 
the  largest  gas  production  was  in  the  lactose-peptone  tube,  the 
smallest,^in  the  saccharose  tube.  The  averages  of  gas  production 
for  the  different  individual  tubes  are  as  follows: 

Dextrose       Levulose-dextrose       Lactose       Saccharose 
26.75  i^^^^^*  27*5  ^^^^^^'  ^9-9  ^^^^^i^-      19*5  T^oxn. 

The  gas  formed  under  the  conditions  that  have  been  described 
was  in  some  instances  subjected  to  the  absorption  test  by  a 
caustic  potash  solution.  The  proportion  of  gas  absorbed  varied 
somewhat  in  the  different  sugar-peptone  tubes.  It  may  be  said 
that,  as  a  rule,  from  about  one-quarter  to  one-tenth  of  the  total 
gas  (representing  carbon  dioxide)  was  absorbed.  The  proportion 
of  carbon  dioxide  production  was  about  the  same  in  the  cases 
where  gas  formation  was  inhibited. 

Some  observations  have  been  made  on  the  gas  production  by 
pure  cultures  of  bacteria  normally  inhabiting  the  gastro-enteric 
tract.  For  example,  one  strain  of  B.  coli  communis  gave  90 
mm.  of  gas  in  the  four  tubes,  while  another  strain  gave  92  mm. 
B.  lactis  aerogenes  gave  76  mm.  All  these  values  are  somewhat 
below  those  obtained  by  growing  the  mixed  fecal  bacteria  from 
presumably  normal  persons.  Greater  gas  production  was  noted 
where  B.  coli  was  grown  with  B.  aerogenes  capsulatus. 

The  fact  which  we  desire  to  bring  forward  in  this  communica- 
tion is  that  there  are  pathological  conditions  in  which  the  pro- 
duction of  gas  by  the  mixed  fecal  bacteria  is  distinctly  less  than 
is  usual  for  normal  persons.  The  feces  from  a  number  of  persons 
showing  the  evidences  of  excessive  intestinal  putrefaction  (pu- 
trefactive products  in  the  feces  or  derivatives  of  putrefactive 
products  in  the  urine)  have  been  studied  with  respect  to  their 
gas  production.  It  was  found  that  a  somewhat  diminished  gas 
production  is  a  not  infrequent  accompaniment  of  various 
digestive  disorders.  A  pronounced  reduction  in  gas  formation  is 
less  common,  and  when  persistent  is  apparently  associated  with 
graver  clinical  manifestations. 

Thus  in  a  man  of  thirty -two  years,  suffering  from  pernicious 
anaemia,  the  gas  production  in  the  four  tubes  was  only  30  hmh. 

«  The  anaerobic  portion  of  the  tubes  used  by  us  is  about  9  .$  cm.  in 
length. 
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This  was  soon  after  entering  the  hospital.  About  a  week  later, 
dttring  a  diarrhoeal  period  the  gas  production  rose  to  100  mm. 
but  declined  again  later  to  60  mm. 

In  another  patient  with  pernicious  anaemia,  the  feces  from 
a  diarrhoeal  stool  gave  155  mm.  of  gas ;  some  weeks  later  a  formed 
stool  gave  bacteria  which  produced  45  mm.  of  gas.  In  a  third  pa- 
tient with  the  same  disease,  a  diarrhoeal  stool  gave  95  mm.  of  gas, 
but  later  the  fecal  bacteria  from  a  formed  stool  gave  70  mm.  pnly . 

In  another  patient  with  pernicious  ansemia,  the  semi-solid 
stool  contained  bacteria  which  gave  80  mm.  of  gas.  As  the 
patient  improved,  under  the  influence  of  rest  and  care  in  diet, 
the  gas  production  increased  to  90  mm.  and  later,  coincidentally 
with  further  improvement,  to  112  mm.  Another  patient  with 
pernicious  anaemia,  a  child  of  one  year,  gave  on  one  occasion  3  s 
mm.  of  gas,  on  another  38  mm. 

Very  low  gas  production  was  repeatedly  observed  in  a  severe 
case  of  diabetes  on  the  verge  of  coma. 

The  smallest  gas  production  has  been  noted  in  bottle-fed 
children  suffering  from  marasmus.^  In  several  instances  the 
fecal  bacteria  from  such  children  have  failed  to  make  a  volume 
of  gas  measurable  by  ordinary  methods.  In  one  highly  anaemic 
child  in  a  marantic  state  the  gas  production  amounted  to  18  mm. 
when  the  first  observation  was  made.  After  a  week  in  bed,  on 
a  carefully  chosen  diet,  the  gas  production  was  105  mm.  One 
week  later  it  was  120  mm.,  and  two  weeks  later  96  mm.  The 
increase  in  gas  production  coincided  with  a  striking  improvement 
in  nutrition  and  in  the  blood  picture. 

A  marked  fall  in  gas  production  has  been  noted  during  fever 
in  a  case  where  previous  to  the  rise  in  temperature  the  gas  pro- 
duction was  large. 

The  explanation  of  the  phenomena  recorded  here  is  not  yet 
clear,  but  it  appears  likely  that  it  is  attributable  at  least  in  some 
instances  to  an  interference  with  the  normal  gas-producing 
properties  of  organisms  of  the  B.  coli  communis  group.  One 
may  think  of  the  gas-forming  kinds  of  bacteria  as  actually  dying 
out  to  a  large  extent  in  the  lower  bowel,  or  one  may  imagine  them 

1  Our  observations  on  bottle-fed  children  are  not  sufficiently  niunerous 
to  enable  us  confidently  to  give  the  normal  gas  production  for  them. 
It  appears  to  vary  from  50  to  100  mm. 
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to  be  simply  inhibited  in  their  growth  by  the  presence  of  bacteria 
which  are  limited  gas-producers.  The  view  that  the  gas-makers 
of  the  upper  bowel  are  replaced  in  the  lower  bowel  very  largely 
by  organisms  with  other  physiological  character  is  substantiated 
in  a  noteworthy  manner  by  the  results  of  studies  with  the  gram 
stain.  Bacteria  of  the  B.  coli  group  are  gram  negative,  and 
where  we  have  preponderantly  gram-negative  stools  containing, 
B.  coli  in  large  numbers  one  would  expect  an  average  gas  pro- 
duction by  fecal  bacteria  grown  on  sugar  bouillon.  This  has 
been  actually  the  case.  On  the  other  hand,  gram-positive  feces 
containing  bacteria  of  the  B.  coli  type  are  small  gas-producers- 
A  special  instance  of  a  physiological  flora  which  is  able  to  make 
little  gas  and  is  gram-positive  is  that  of  the  breast-fed  infant  in 
which  B.  coli  has  not  become  established  and  in  which  B.  bifidus 
(Tissier)  and  B.  acidophilis  (Moro)  are  dominant.  In  adults 
and  in  children  on  cow's  milk  a  gram-positive  stool  is  usually 
not  physiological,  and  in  such  cases  it  may  be  that  small  gas  pro- 
duction is  partly  dependent  on  the  inhibiting  action  of  some 
pseudo-parasitic  organism  or  combination  of  organisms. 

We  have  repeatedly  observed  a  change  in  the  fecal  flora  from  a 
gram-positive  to  a  gram-negative  character  and  with  this  change 
an  increase  in  gas  production.  In  an  autopsy  on  a  child  dead 
of  pneumonia,  the  following  conditions  were  observed  with  respect 
to  gas  production.  Bacteria  from  the  stomach  gave  40  mm.  of 
gas;  bacteria  from  the  duodenum,  94  mm.  of  gas;  cultures  from 
the  jejunum  gave  78  mm.  of  gas,  and  the  same  amount  was  ob- 
tained from  the  cultures  from  the  ileum ;  and  finally  bacteria  from 
the  rectum  gave  only  22  mm.  of  gas.^  In  the  rectum  the  bacteria 
were  gram-positive;  above  the  rectum,  mainly  gram-negative. 

We  have  not  yet  been  able  to  reproduce  experimentally  the 
impaired  gas  formation  by  combining  with  the  colon  bacillus 
some  organism  capable  of  inhibiting  its  gas-producing  qualities. 
A  definite  association  between  gas  production  by  the  fecal  bac- 
teria under  anaerobic  conditions  of  growth  and  special  con- 
ditions of  intestinal  putrefaction  has  not  been  established. 


»  This  observation  harmonizes  with  the  fact  that  the  diarrhoeal  flora  of 
the  human  intestinal  contents  generally  give  more  gas  than  the  bacteria 
derived  from  formed  movements  from  the  same  individual. 
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We  believe  that  ftirther  studies  of  the  phenomena  here  de- 
scribed will  prove  to  be  of  biological  interest  and  of  value  in 
clinical  investigations  of  intestinal  disorders. 

Note. — ^A  great  increase  in  gas  production  was  noticed  in  a 
monkey  which  developed  diarrhcea  after  feeding  with  cabbage. 
This  observation  is  in  accord  with  what  we  have  noticed  in  con- 
nection with  human  diarrhoea. 


OH  BACTERIAL  PROCESSES  IN  THE  INTESTINAL  TRACT  IN 

SOME  CASES  OF  ADVANCED  ANJEMU, WITH  ESPECIAL 

REFERENCE  TO  INFECTION  WITH  B.  AEROGENES 

CAPSULATUS  (B.  WELCHU). 

By  C.  a.  HERTER. 
(Received  for  publication  May  lo,  1906.) 

I  have  thought  it  worth  while  to  bring  together  here  a  number 
of  observations  relating  to  bacterial  processes  in  the  intestinal 
tracts  of  persons  suffering  from  severe  forms  of  anaemia,  in  the 
belief  that  they  afford  a  clue  to  the  etiology  of  many  cases  of 
advanced  blood  disease  that  are  ordinarily  described  as  "pri- 
mary." Most  of  the  instances  which  form  the  basis  of  this 
study  have  given  the  blood-picture  of  so-called  idiopathic, 
pernicious  anxmia. 

The  observations  relate  especially  to  seventeen  cases  of  anas- 
mia.  Of  these  nine  showed  those  changes  in  the  morphology  of 
the  red  cells  (including  the  presence  of  megaloblastic  forms) 
which  are  regarded  as  most  characteristic  of  primary  pernicious 
anaDmia  (Cases  I,  III,  V,  VII,  VIII,  X,  XII,  XIII,  XVII).  In  four 
other  cases  (Cases  II,  IV,  VI,  and  IX)  the  diagnosis  of  pernicious 
anaemia  was  made  but  appears  less  certain  as  megaloblasts  were 
not  seen*  Of  the  remaining  four  cases  one  is  an  adult  from  whose 
history  and  blood-picture  a  distinguished  consultant  leaned  to 
the  diagnosis  of  pernicious  anaemia,  while  another  practitioner, 
upon  the  same  evidence,  suspected  that  he  was  dealing  with  an 
anaemia  secondary  to  gastric  carcinoma  (XV) .  Another  case  is  one 
of  severe  anaemia  which  was  regarded  as  secondary,  but  for  which 
no  explanation  could  be  found  at  autopsy  (Case  XI).  Another 
case  is  that  of  a  young  child  in  the  care  of  Dr.  Holt,  whose  history 
is  especially  instructive  as  showing  the  rapidity  of  the  process 
of  blood  regeneration  upon  the  subsidence  of  a  subacute  intestinal 
process  to  which  the  anaemia  was  apparently  secondary  (Case 
XVI).    The  remaining  case  (XIV)  occurred  in  a  child  of  three 
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years  of  age  and  is  probably  a  splenic  anxmia,  secondary  to 
some  unknown  infection.  I  feel  especially  indebted  to  Drs. 
Spalding,  James,  Thatcher,  and  Loomis  for  placing  at  my  disposal 
the  opportunities  for  studying  the  greater  number  of  the  patients 
and  for  furnishing  me  with  the  clinical  notes.  Dr.  Fred.  Shattuck 
of  Boston  has  placed  me  under  obligations  for  his  reports  on 
Case  XII. 

It  is  a  fact  well  recognized  by  those  who  have  studied  con- 
siderable ntmibers  of  patients  with  pernicious  anaemia,  that  these 
persons  are  liable  to  pronounced  derangements  of  digestion,  such 
as  diarrhoea.  Among  the  cases  collected  here,  diarrhoea  was 
a  frequent  occurrence.  It  was  noted  also  that  even  where 
diarrhoea  was  absent,  the  feces  were  not  well  formed  but  were 
usually  of  a  semi-solid,  tarry  consistence.  And  it  is  worthy  of 
mention  that  among  the  many  specimens  which  were  sent  to 
the  laboratory  from,  persons  with  pernicious  anaemia,  since  the 
beginning  of  the  present  study,  there  were  very  few  instances 
in  which  the  stools  have  been  well  formed  and  of  firm  con- 
sistence throughout  or  in  large  part. 

Routine  microscopical  examinations  of  the  stools  were  made 
by  Dr.  W.  R.  Williams  with  reference  to  the  presence  of  meat 
fibres,  vegetable  residue,  starch,  phosphates,  free  fat,  fatty 
acids,  and  soaps.  Unfortunately  the  examinations  were  not 
made  with  a  sufficiently  full  knowledge  of  the  nature  of  the 
diet  in  each  case  to  make  it  safe  to  form  a  generalization  with 
reference  to  the  features  mentioned.  It  was  noticed  that  meat 
fibres  and  vegetable  residue  were  very  abundant  in  some  in- 
stances, but  the  significance  of  these  facts  is  uncertain,  partly 
because  the  dietetic  conditions  are  not  known  in  detail,  partly 
because  the  habits  of  the  patients  with  respect  to  mastication 
were  not  recorded.  An  excessive  amount  of  mucus  was  noted 
in  Cases  X,  XI,  and  XII.  In  Case  XII  its  presence  was  a  regular 
feature. 

Occurrence  of  Phenol,  Indol,  and  Skatol  in  the  Feces  and  of  their 

Derivatives  in  the  Urine. 

In  the  present  study  considerable  attention  was  given  to 
the  amounts  of  the  aromatic  cleavage  products,  indol,  skatol, 
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and  phenol  in  the  feces  and  to  their  derivatives  in  the  urine. 
These  bodies,  as  is  well  known,  are  common  accompaniments 
of  putrefactive  decomposition  in  the  intestine,  and  it  seemed 
desirable  to  learn  whether  in  severe  anaemic  states,  not  secondary 
to  obvious  pathological  processes,  there  is  anything  noteworthy 
as  to  their  production. 

It  is  possible  to  dismiss  in  a  few  words  the  obsen^ations  that 
relate  to  phenol,  or,  more  correctly,  to  phenolic  substances — 
phenol  and  paracresol  not  being  distinguished  from  each  other 
by  the  method  of  determination  employed.^  In  the  following 
list  of  cases  the  phenol  values  are  expressed  in  milligrams  per 
hundred  grams  of  feces. 


No.  of  Case 

Phenol  in  Mgms.  per  loo  Gms.  Feces 

I 

2.2;  3.6. 

II 

14  4;  15.1;  12.8. 

V 

7.7. 

M. 

6.6;  6.8. 

VII 

12.9. 

VIII 

5.2;  13.1. 

X 

13.2;  4.1. 

XII 

10.;  5.7;  12.7;  9.0;  19.5;  11.4;  4.9;  2.2. 

XIII 

5.7. 

XIV 

1 . o;  d .  11. 

XV 

9.4;4.6;11.2 

XVII 

2  5. 

The  phenol  content  of  normal  feces  varies  within  wide  limits 
and  even  in  the  case  of  presumably  normal  children  and  adole- 
scents, with  no  indications  of  digestive  disorder,  may  amount 
to  12  milligrams  in  loo  grams  of  fresh  material.  It  is  diflSctdt  to 
fix  the  normal  limits  for  phenol  but  it  is  clear  that  in  our  cases  of 
anaemia  there  are  none  in  which  the  phenol  content  of  the  feces 
was  strikingly  or  persistently  above  the  normal.  In  Case  XII, 
19.5  milligrams  were  found  on  one  occasion  but  this  was  evidently 
an  exceptionally  high  value.  The  largest  quantities  we  have 
found  were  observed  in  the  case  of  a  child  of  eight  years  who 
was  slowly  convalescing  from  chronic   intestinal   indigestion  of 

»  Kossel  and  Penny. 


4         Bacterial  Processes  in  Advanced  Anaemia 

such  severity  as  to  retard  growth  and  in  whom  a  moderate  de- 
gree of  anaemia  (haemoglobin,  65  per  cent.)  had  developed. 
Other  children  suffering  from  similar  clinical  manifestations  have 
given  uncommonly  high  results.^ 

In  a  number  of  instances  observations  were  made  on  the 
phenol  of  the  urine,  but  there  are  only  a  small  number  of  quanti- 
tative determinations.  In  a  large  number  of  cases  the  distillate 
from  the  urine  was  tested  with  Millon's  reagent,  the  color  re- 
action being  described  as  slight,  moderate,  or  strong.  Many 
times  the  urine  was  tested  directlv  in  the  cold  with  Millon's 

m 

reagent.  If  the  urine  contains  considerable  phenol  potas- 
sium sulphate,  this  salt  is  hydrolyzed  under  these  circum- 
stances and  the  liberated  phenol  reacts  in  a  characteristic 
way. 

In  Case  I  the  phenol  reached  85  milligrams  on  one  occasion, 
61  on  another,  and  27.5  on  a  third,  the  restdts  being  calculated 
for  twenty-four  hours:  in  Case  II  it  was  very  strong,  on  one 
occasion  reaching  82.9;  in  Case  XII  it  was  strong  on  two  occa- 
sions (on  one  of  these  56.42  milligrams  in  twenty-four  hours  or 
36.4  milligrams  in  500  c.c.  of  urine)  but  was  subsequently  mod- 
erate or  slight  on  three  occasions.  In  Case  X  eight  examinations 
were  made.  On  three  occasions  the  distillate  was  negative, 
twice  it  gave  a  slight  reaction,  once  a  moderate  reaction,  and  twice 
a  strong  one.  In  Case  XIV  (in  which  the  diagnosis  of  pernicious 
anaemia  was  extremely  doubtful)  there  were  two  negative 
examinations.  In  Case  XV  the  reaction  was  very  strong, 
reaching  96  milligrams  in  twenty-four  hours  on  one  occasion 
and  130  milligrams  on  another. 

Summarizing  the  observations  with  respect  to  phenol  it  may 
be  said  that  the  phenol  values  for  the  feces  have  in  general  not 
been  remarkably  high,  but  that  the  phenol  output  in  the  urine 
has  in  a  majority  of  instances  been  greater  than  normal. 
The  urine  in  most  of  the  cases  exhibited  a  strong  phenol  reaction 
(Cases  I,  II,  IV,  VII,  and  IX)  but  in  Cases  X  and  XII  the  phenol 
excretion  cannot  be  said  to  have  ruled  high,  although  these  were 
well  defined  examples  of  pernicious  anaemia  with  evidence  of 

»A  special  report  will  be  made  on  the  bacteriological  and  chemical 
conditions  in  cases  of  this  type. 
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persistent  disorders  of  intestinal  digestion.  In  two  of  the  five 
cases  in  which  the  phenol  reaction  from  the  urine  was  strong  it 
was  exceptionally  intense  and  in  all  of  these  cases  was  suffi- 
ciently pronounced  to  point  to  excessive  intestinal  putre- 
faction. Comparing  the  phenol  reaction  in  these  cases  with  those 
obtained  from  normal  children  and  young  adults  living  under 
hygienic  conditions,  the  reactions  must  be  regarded  as  excessive, 
but  they  were  less  marked  than  in  many  cases  of  chronic  intes- 
tinal indigestion  in  children  and  adults,  excepting  Cases  I,  II, 
and  XV,  in  which  the  values  were  very  high. 

The  observations  relating  to  the  indol  of  the  feces  and  to  the 
indican  of  the  urine  are  more  numerous  than  those  having  to  do 
with  phenol.  They  are  also  of  greater  significance  for  the  reason 
that  while  the  urine  is  never  free  from  phenolic  derivatives, 
even  in  health,  it  is  often  quite  free  from  indican.  Indeed  an  ex- 
amination of  many  urines  from  children  and  adolescents  in  good 
health,  and  on  a  hygienic,  mixed  diet,  makes  me  believe  that 
anything  more  than  a  trace  of  indican  in  the  urine  indicates  a 
departure  from  ideal  conditions  of  intestinal  digestion.  The 
formation  of  putrefactive  products  in  the  intestine  and  their 
excretion  by  the  urine  is  in  such  small  quantities,  in  the  cases 
to  which  reference  is  made,  that  one  cannot  avoid  the  conviction 
that  normal  digestion  is  associated  with  only  slight  putrefactive 
decomposition,  despite  the  sojourn  of  very  large  numbers  of 
living  bacteria  in  the  large  intestine. 

The  indol  content  of  the  feces  was  measured  by  means  of  the 
naphthaquinone-soditmi-monosulphonate  method^  and  is  in  some 
instances  expressed  in  milligrams.  The  indican  of  the  urine 
was  not  quantitatively  determined  but  was  roughly  gauged  by 
the  Obermeyer  reaction.  A  point  to  which  some  attention  was 
given  is  the  relation  between  the  intensity  of  the  indican  reaction 
and  the  quantity  of  indol  recovered  from  the  feces.  No  definite 
proportionality  between  these  was  noted;  indeed,  in  a  number 
of  instances  results  were  obtained  which  appeared  to  negative 
any  close  relationship  between  them. 

The  results  obtained  are  recorded  in  the  following  table: 

« Herter  and  Foster,  "A  Method  for  the  Quantitative  Determination  of 
Indol,"  This  Journal,  i,  p.  257,  1906. 
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No.  of 
Case 

Date 

Quantity  of  Indol 

in  xoo  Grams  of 

Feces 

Indican  Reaction  of 
Urine 

Further  Data 

I 

Mar.  23,  '06 
Mar.  30,  '06 

Trace 
«« 

Very  strong 
Negative 

Feces  unformed 

II 

Mar.  21.  '06 
Mar.  28,  '06 

Negative 

Strong 
Trace 

Feces  formed  but 
soft 

III 

Mar.  21, '06 
Apr.  30,  '06 

Moderate 
[0.64  mg.] 

Negative 

Negative 

Strong;  deep 
puxple 

Feces  soft,  con- 
taining lumps. 

IV 

Dec.  18.'05 
Jan.  5,  '06 

Strong 
Negative 

Moderate 
Negative 

Diarrhoeal  move- 
ment 

VI 

Mar.  17,  '06 
Mar.  26,  '06 

3  mg. 
3.09  mg. 

Strong 
Negative 

Formed  and 
liquid  feces 

VII 

Jan.  18,  '06 
Mar.  15,  '06 

Trace 

Moderate 

VIII 

Dec.  30.  '05 
Jan.  9,  '06 
Apr.  16,  '06 

Trace 
Negative 
Faint  trace 

Slight 
Negative 

IX 

Dec.  4,  '05 

Very  strong 
13.0  mg. 

Strong 

X 

Nov.  28. '  05 
Nov.  30,  '05 
Dec.  5,  '05 

Dec.  8,  '05 
Dec.  12,'05 
Dec.  18,'05 
Dec.  28,  '05 
Feb.  1,  '06 
Mar.  14.  '06 
Mar.  27,  '06 

Very  strong 
46.9  mg. 
Negative 

11.4  mg. 
5 . 5  mg. 
Strong  trace 
Negative 
Slight 
0 .  27  mg. 

Strong 
Strong 
Moderate 

Very  strong 
Strong 

Negative 

Slight 

Strong 

Period  of  diar- 
rhoea. 
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No.  of 
Ca6e 

t 

Date 

Quantity  of  Indol 

in  loo  Grams  of 

Feces 

Indican  Reaction  of 
Urine 

Further  DaU 

XII 

Dec.  25,'05 
Jan.  2,  '06 
Jan.  15,'06 
Feb.  1,  '06 
Mar.  14,  '06 
Mar.  17,  '06 
Mar.  31,  '06 

Apr.  5.  '06 
Apr.  27, '06 

Strong,  [7  mg.] 
Trace 
Negative 
SHght 

Slight 
Moderately 

strong 
7.7  mg. 
28.62  mg. 

Strong 

Strong 

Strong 

Very  strong 

Strong 

Negative 

Paint  trace 
Slight. 

XIII 

Apr.  17/06 

Moderate 

Strong 

XIV 

Jan.  3,  '06 
Jan.  10,  '06 

Trace 
Faint  trace 

Negative 

XV 

Mar.  30,  '06 

Apr.  4,  '06 
Apr.  30,'06 

Negative 
Negative 

Strong;  purple 

color 
Strong 
Very  strong 

XVII 

May  5.  '06 

Faint  trace         

A  consideration  of  the  tabulated  data  shows  that  the  condi 
tions  were  widely  varying  with  respect  to  the  fecal  indol  and  the 
urinary  indican,  but  that  in  a  majority  of  the  cases  there  was  a 
distinctly  excessive  excretion  of  indican.  It  sometimes  happened, 
as  in  Case  X,  that  the  indican  temporarily  disappeared  from  the 
urine  during  a  period  of  diarrhoea  and  there  is  little  doubt  that 
in  such  cases  the  negative  reaction  was  dependent  on  the  rapid 
passage  of  the  contents  of  the  small  intestine  through  the  large 
intestine.  Diarrhoeas  are  frequent  among  persons  with  per- 
nicious anaemia  and  may  be  responsible  for  some  of  the  negative 
results  as  to  indican. 

It  is  noteworthy  that  in  one  instance  (Case  X)  in  which  the 
feces  contained  a  large  quantity  of  indol  and  the  urine  gave  a 
strong  indican  reaction,  there  was  an  abrupt  falling  ofiE  in  these 
when  lavage  of  the  colon  was  begun.  Coincidently  with  this 
there  was  a  rapid  improvement  in  the  condition  of  the  patient 
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and  a  strikingly  rapid  rise  in  -the  number  of  red  blood  cells  and 
in  the  quantity  of  haemoglobin. 

In  one  case  (XIV)  the  urine  was  free  from  indican  although 
diarrhoea  was  absent.    The  feces  contained  very  little  indol. 

A  feature  of  some  interest  as  an  evidence  of  putrefaction  is 
the  frequent  occurrence  of  skatol  in  feces  of  persons  suffering 
from  severe  anemia  of  "idiopathic"  ori^.  Among  normal 
persons  on  mixed  diet,  the  presence  of  more  than  a  trace  of  skatol 
in  the  feces  appears  to  be  an  exceptional  occurrence.  In  Case 
I  skatol  was  fairly  abundant  (3  milligrams  in  100  grams  of  feces) 
although  only  a  trace  of  indol  was  present.  In  Case  II  skatol 
was  present  in  traces  on  two  occasions,  although  indol  was 
absent.  In  Case  III  skatol  was  not  found.  In  Case  IV  skatol 
was  absent  on  one  occasion  when  indol  was  abundant ;  at  another 
time  the  skatol  reaction  was  strong  while  indol  was  negative. 
In  Case  VI  indol  and  skatol  were  both  fairly  abundant.  In 
Case  VII  the  skatol  reaction  was  moderately  strong  but  indol 
was  detected  only  as  a  trace.  The  same  is  true  of  one  sample 
from  Case  VIII  but  in  a  second  specimen  from  this  patient 
(ten  days  later)  indol  was  unobtainable  and  skatol  was  abun- 
dantly present.  In  Case  IX  skatol  was  negative  while  indol 
was  abtmdant.  In  Case  X  skatol  was  regularly  absent  (8  exam- 
inations) although  indol  was  frequently  present.  In  Case  XII 
skatol  was  present  only  once  in  five  times  at  which  examinations 
were  made.  The  largest  quantity  of  skatol  recovered  from  any 
pathological  feces  was  in  a  case  of  diabetes  on  the  verge  of  coma. 
Here  only  skatol  was  obtained,  indol  being  wholly  absent.^  In  Case 
XVII  considerable  skatol  was  obtained  trora  the  feces  but  no  indol. 

It  is  not  yet  clear  why  skatol  makes  its  appearance  in  the  in- 
testinal contents  in  the  cotirse  of  putrefactive  disturbance. 
Like  indol  it  must  be  regarded  as  coming  from  the  tryptophan 
yielded  by  proteid,  but  what  the  conditions  are  that  determine 
the  formation  of  one  of  these  substances  rather  than  the  other 
we  do  not  know.     In   ordinary  putrefaction  indol  is   usually 

*The  determination  of  skatol  is  made  colorometrically  by  means  of 
the  reaction  with  paradimethylamidobenzaldehyde  after  distillation 
from  a  mixture  from  which  nearly  all  of  any  indol  present  has  been 
removed  by  precipitation  with  >5-naphthaquinone-sodiimi-monosuipho- 
nate.     The  details  of  the  method  will  be  soon  published. 
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an  early  product  and  skatol,  if  found  at  all,  a  much  later  one. 
From  the  putrefaction  of  peptone  and  bouillon  media  by  various 
micro-organisms,  individually  and  in  various  combinations,  for 
short  periods,  I  have  been  unable  to  obtain  skatol.  One  medium 
from  which  I  have  obtained  skatol  by  putrefaction  is  one  pre- 
pared from  sheep's  brains.  This  origin  of  skatol  from  decom- 
posing brain  tissues  was  known  to  Nencki  many  years  ago,  but 
no  explanation  of  it  has  been  given.  Skatol  also  appeared  in  a 
medium  containing  salts,  tryptophan,  alanin,  and  phenylalanin, 
after  incubation  with  fecal  bacteria.  But  by  far  the  greatest 
concentration  of  skatol  in  a  putrefactive  culture  was  foimd  after 
two  weeks'  growth  of  fecal  bacteria  in  a  peptone  bouillon 
medium  which  had  been  enriched  by  the  addition  of  a  watery 
extract  prepared  from  fresh  asparagus.  In  one  case  the  fecal 
flora  irom  a  normal  pig  were  used.  Here  no  indol  was  formed 
but  a  very  large  quantity  of  skatol.  In  another  experiment  in 
which  the  fecal  bacteria  were  derived  from  a  diabetic  patient, there 
was  very  large  production  of  skatol  and  slight  production  of  indol. 
A  consideration  of  the  skatol  content  of  the  feces  carries  one 
to  the  question  of  the  significance  of  the  paradimethylamido- 
benzaldehyde  reaction  of  the  urine.  It  is  well  known  that  on 
the  addition  of  an  acid  solution  of  Ehrlich's  aldehyde  to  certain 
urines  a  cherry-red  reaction  is  obtained,  sometimes  in  the  cold, 
more  often  only  on  the  application  of  heat.  The  cause  of  the 
reaction  has  been  the  occasion  of  some  discussion.  Erhlich^  was 
inclined  to  attribute  it  to  glycosamin;  Neubauer^  and  Bauer  ^ 
refer  it  to  urobilinogen  which  has  passed  from  the  intestine  into 
the  urine.  I  have  found  that  the  administration  of  skatol  to 
men  and  to  monkeys  is  followed  by  some  intensification  of  the 
aldehyde  reaction  and  believe  that  wHere  skatol  is  found  in  fair 
abundance  in  the  intestine  it  may  contribute  to  the  reaction. 
It  cannot,  however,  be  claimed  that  in  the  group  of  anaemias 
which  is  under  notice  here,  there  was  a  close  relation  between 
the  occurrence  of  skatol  in  the  intestine  and  the  capacity  of  the 
urine  to  give  the  aldehyde  reaction.  The  correspondence  has 
failed  in  either  direction  in  some  instances,  that  is,  the  intestine 

»  Medicinische  Woche,  1901,  No.  15. 

» Sitsungsber.  d.  Gesellsch.  f.  Morph.  u.  Physiol.,  1903,  2,  p.  32. 

»  Zcniralbl.  f.  inn.  Med.,  1005,  No.  34,  p.  833.  • 
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has  sometimes  contained  considerable  skatol  while  the  urine  has 
given  no  aldehyde  reaction,  and  the  reverse  of  these  conditions 
h^s  also  been  encountered.  In  about  one-half  of  the  urines 
from  the  anaemia  group  the  Ehrlich  aldehyde  reaction  has  been 
obtainable,  though  not  without  the  aid  of  heat.  The  strongest 
reactions  I  have  observed  have  been  obtained  not  in  the  case 
of  the  patients  forming  this  group  but  in  persons  without  marked 
anaemia,  who  were  suffering  from  chronic  disturbances  of  intes- 
tinal digestion.  In  the  cases  of  anaemia  now  under  consideration 
a  marked  aldehyde  reaction  of  the  urine  has  been  less  often 
obtained  than  a  marked  reaction  for  indican.  It  has  also  been 
evident  that  this  aldehyde  reaction  bore  no  relation  either  to 
the  indican  reaction  or  to  the  phenol  content  of  the  urine. 

The  Dimethylamidobenzaldehyde  Reaction  of  the  Feces, 

If  one  extracts  htmian  feces  with  an  aqueous  sodium  chloride 
solution  (2  grams  of  feces  to  20  grams  of  o.  85  per  cent,  sodium 
chloride  solution)  the  extract  will  usually  yield  a  color  reaction 
with  a  suitably  prepared  acid  solution  of  Erhlich's  aldehyde.^ 
In  the  case  of  healthy  children  or  adolescents  on  a  mixed  diet 
the  color  obtained  is  usually  a  light  rose,  and  may  be  very  faint. 
Between  this  light  tint  and  a  very  deep  cherr>^-red,  all  transitions 
are  met.^  It  is  noteworthy  that  the  feces  from  the  anaemia 
patients  under  consideration  have  regularly  yielded  very  strong 
or  intense  Ehrlich  aldehyde  reactions,  the  only  exceptions  to  this 
rule  having  been  met  with  during  periods  of  diarrhoea.  It  some- 
times happens  that  a  patient  with  chronic  intestinal  indigestion 
or  a  person  on  a  strict  proteid  diet  gives  an  intense  Ehrlich 
aldehyde  reaction.  Normal  adults  on  mixed  diet  give  a  moderate 
reaction  and  (in  cases  where  the  ethereal  sulphates,  phenol,  and 
indican  of  the  urine  run  low)  often  only  a  faint  one. 

The  explanation  of  the  chemical  basis  of  the  Ehrlich  aldehyde 
reaction  of  the  feces  is  not  yet  wholly  satisfactory.  Baumstark  ^ 
thought  it  could  be  ascribed  to  the  indol  of  the  feces  and  based 

»  Water,    270   c.c,    concentrated  H2SO4,  30  c.c,  Ehrlich's  aldehyde, 

15  grams. 

*  Wo  have  employed  a  graded  color  scale  in  order  to  record  our  results 
wUh  some  degree  of  accuracy. 

>  Affinv^i.  mid  Wochenschr.,  No.  17,  1903;  also,  Arch.  f.  Verdauungs- 
k*\X'^kk  .  'A,  1003. 
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a  quantitative  method  for  indol  on  the  reaction.  Bauer,  ^  how- 
ever, showed  that  the  feces  contain  another  substance  which 
reacts  with  the  aldehyde  and  claims  that  this  substance  is  uro- 
bilinogen. I  reached  a  similar  conclusion  independently,  after 
noticing  that  the  feces  in  one  instance  gave  an  intense  red  reaction 
after  the  indol  had  been  distilled  off.  In  other  cases  a  strong 
reaction  was  obtained  in  spite  of  the  fact  that  the  feces  were  free 
from  indol  from  the  outset.  That  the  reaction  from  this  non- 
volatile part  of  the  feces  depends  wholly  on  urobilinogen  does 
not  appear  to  me  to  have  been  convincingly  shown.  It  is  true, 
however,  that  one  may  reduce  urobilin  (Schuchardt's)  with  alkali 
and  zinc  dust  and  thus  obtain  a  substance  which  gives  a  stronger 
and  more  characteristic  Erhlich  aldehyde  reaction  than  the 
urobilin  itself.  Probably  both  urobilinogen  and  a  skatol  derivative 
are  implicated  in  the  Ehrlich  aldehyde  reaction  of  the  urine, 
but  it  is  possible  that  other  substances  are  also  concerned. 

Acids  and  Bases  of  the  Feces. 

Some  attention  has  been  paid  to  the  quantity  of  volatile  acids 
present  in  the  feces  of  anaemic  and  other  patients  and  also  to  the 
volatile  bases  present.  The  titration  values  have  usually  been 
such  as  to  show  that  the  ammonia  (of  which  the  bases  mainly 
consist)  almost  exactly  neutralizes  the  acetic,  propionic,  and 
butyric  acids  of  which  the  acid  in  the  distillate  mainly  consists. 
The  values  for  volatile  acids  and  bases  in  anaemias  have  not 
shown  uniform  deviations  from  normal  values.  Nevertheless  it 
is  common  to  find  rather  high  values  for  the  volatile  fatty  acids 
of  the  feces  of  persons  with  ** primary*'  pernicious  anaemia. 
Such  high  values  are  not  confined  to  cases  of  this  sort  but  are 
frequently  observed  in  the  intestinal  contents  of  persons  suffering 
from  chronic  intestinal  indigestion,  associated  with  an  excessive 
excretion  of  phenyl-potassium  sulphate  and  indoxyl-potassium 
sulphate  by  the  urine.  In  such  instances  of  chronic  intestinal 
indigestion  with  excessive  putrefaction  there  is  almost  invariably 
present  some  degree  of  anaemia.  The  haemoglobin  may  not  be 
greatly  reduced.  It  is  not  exceptional  to  meet  with  persons 
who  show  the  intestinal  conditions  just  mentioned,  but  whose 
haemoglobin  is  not  below  70  or  80  per  cent.     A  careful  examina- 

^Loc.  cit. 
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tion  in  such  instances  will,  I  think,  often  reveal  the  fact  that 
there  is  more  real  anaemia  than  is  indicated  by  a  consideration  of 
the  haemoglobin  alone,  there  being  in  such  cases  unequivocal 
signs  of  a  diminished  volume  of  blood.  In  both  these  milder 
anaemias  and  in  the  more  severe  forms,  it  is  characteristic  to 
find  the  various  signs  (to  be  described  later)  of  the  presence  of  an 
excessive  degree  of  what  may  be  designated  the  saccharo- 
butyric  type  of  putrefaction — a  process  attended  by  the  excessive 
formation  of  butyric  add  (perhaps  also  propionic,  valerianic, 
and  caproic).  I  have  been  able  to  show  that  in  many  of  these 
cases  of  excessive  intestinal  putrefaction  attending  milder  or  more 
severe  types  of  anaemia,  the  higher  volatile  fatty  adds  are  con- 
siderably increased  in  amount. 

The  following  table  indudes  some  of  the  results  obtained  from 
a  study  of  fatty  adds  of  the  feces. 

TABLE  SHOWING  THE  OUANTrFY  OP  VOLATILE  PATTY  ACIDS  IN  100  GRAMS 

OF  DRIED  PECES  (JVt  TERMS  OP  OXALIC  ACID). 


OinioaDaU 

Volatile  Patty 
Adda— Graine 

Other  DaU 

I.     Obeervatiqii  on  Domud  child  on  mixed 
fMCtivt  intestinal  deoompodtion. 

0.095 

II.    Observation  on  patient  SAed  z  6  with 
continuous  fever  (influensa)    or«Q"C-40^ 
and  temporary  increase   in  intestmal  putre* 
faction.     Mixed  diet. 

o.4a6 

III.     Observation   on  adult  patient  with 
primary  pernicious  ansmia  (Case  XIII  of 
tables). 

0.3304 

IV.     Observation  on  adult  oatient  with 
primary  pernicious  anaemia  (Case  XII  of 
tables). 

0.44 

Molecular  weight  of  vol- 
atile  acids">7z. 
Molecular  weight  of  pro- 
pionic acid  *  7s< 

V.     Observation   on  adult  with  primary 
pernicious  anaemia.     Verv  excessive   intes* 
tinal  putrefaction  (Case  III  of  tables). 

0.93 

Molectdar  weight  of  vol- 
atile fatty  acids  —  89. 

VI.     Observation  on  adult  patient  with 
excessive  intestinal  putrefaction  (saccharo- 
butyric)  and  slight  anaemia.  Mixed  diet,  some- 
what restricted. 

O.S7 

Molecular  wei^^ht  of  vol- 
atile fatty  acids  ■■   7z. 

VII.     Observation  on  child  aged  5»  with 
chronic  intestitial  putrefaction  (large  belly 
type) .    Putrefactive  products  very  excessive. 
Saccharo-but>'ric  type. :  Moderate  anaemia. 

0.60 

Molecular  weight  of  vol- 
atile fatty  acids  —  85. 
Molecular  weight  of  bu- 
t>Tic  acid  •-  84. 
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In  this  table  are  seen  extreme  values  for  the  volatile  fatty 
acids  of  the  feces.  In  Observation  I  we  are  dealing  with  a  normal 
child;  in  Observation  VII,  with  a  child  with  an  extreme  condi- 
tion of  intestinal  putrefaction  and  there  is  good  reason  to  think 
that  the  acid  values  for  adults  fluctuate  rather  widely  and 
that  they  sometimes  reach  rather  high  figures  temporarily  in 
persons  whose  health  is  not  greatly  impaired.  The  three 
observations  relating  to  primary  pernicious  anaemia  do  not  reveal 
extremely  high  values  for  the  acids,  but  they  are  in  excess  of 
what  is  generally  found  in  healthy  persons  on  similar,  somewhat 
restricted  diets.  Perhaps  one  reason  why  the  differences  in  the 
acid  contents  of  the  feces  in  health  and  disease  are  not  more 
pronounced  is  because  of  the  free  absorption  of  these  very 
soluble  products,  which  are  made  to  some  extent  even  in  normal 
digestion.  It  seems  probable  that  the  differences  in  acid  pro- 
duction in  health  and  disease  are  considerably  greater  than  the 
above  recorded  observations  would  indicate.  It  should  be  noted 
that  in  Observation  IV,  the  molecular  weight  of  the  acids  corres- 
ponds closely  to  that  of  propionic  acid,  while  that  of  Observation 
VII  corresponds  to  butyric  acid  and  that  of  Observation  VI  falls 
between  the  molecular  weights  for  butyric  and  valerianic  acids. 
Some  experiments  were  made  to  determine  whether  the  acid 
production  of  the  mixed  fecal  bacteria  is  greater  when  these 
bacteria  are  obtained  from  persons  with  excessive  intestinal 
putrefaction  than  when  they  are  derived  from  normal  persons. 
The  results  were  not  uniform.  In  some  instances  the  volatile 
fatty  acids  were  greater  in  amount  in  the  case  of  the  flasks 
inoculated  from  the  putrefactive  cases  than  in  the  case  of  any 
inoculated  from  normal  persons.  The  sediment  in  these  cases 
contained  large  numbers  of  strictly  anaerobic  putrefactive  bac- 
teria  such  as  B.  putrificus  or  B.  aerogenes  capsulatus  and  both 
organisms  were  sometimes  present.  Peptone  bouillon  was  em- 
ployed as  a  mediimi  and  B.  aerogenes  capsulatus  grew  freely 
in  this  only  tmder  special  conditions.  The  failure  to  find  a 
large  production  of  volatile  fatty  acids  does  not  therefore  mean 
that  anaerobic  putrefactive  bacteria  have  been  absent  from  the 
feces  but  may  mean  merely  that  they  were  unable  to  grow  under 
the  given  conditions.  B.  aerogenes  capsulatus  usually  grows 
well   in    blood    bouillon    (rabbits*    blood    may  be   used)    and 
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it  would  have  been  better  if  this  medium  had  been 
employed. 

A  feature  of  interest  in  this  connection  is  that  the  molectdar 
weights  of  the  fatty  adds  made  by  the  bacteria  from  putre- 
factive cases  tend  to  be  higher  than  the  molecular  weights 
of  the  fatty  acids  derived  from  the  action  of  flora  derived 
from  relatively  non-putrefactive  digestive  tracts.  Thus  the 
volatile  fatty  acids  from  the  flora  of  a  case  of  excessive  intes- 
tinal putrefaction  gave  a  molecular  weight  of  73;  the  same 
weight  was  given  by  the  acids  obtained  from  the  flora  of  a  case  of 
pemidoxis  anaemia.  Another  case  of  excessive  putrefaction  gave 
bacteria  which  made  acids  with  a  molecular  weight  of  74.  These 
results  were  all  obtained  on  sugar-free  media.  On  the  other 
hand  the  flora  from  a  child  showing  extremely  low  putrefactive 
processes  generated  acids  having  a  molecular  weight  of  64.7  in 
peptone  medium,  and  61.  $  in  peptone  lactose  (molecular  weight 
of  acetic  add  being  60). 

These  and  similar  observations  accord  with  the  contention  of 
Rodella^  that  anaerobic  putrefactive  bacteria  tend  to  make  the 
higher  fatty  adds.  It  was  fotmd  also  that  a  culture  of  B.  putri* 
ficus  (Bienstock)  on  peptone  gave  adds  with  a  molecular  weight 
of  86  .  8.  A  culture  of  B.  aerogenes  capsulatus  (B.  Welchii)  gave 
adds  which,  expressed  in  terms  of  propionic  acid,  calculating 
from  the  weight  of  the  barium  salts,  amounted  to  0.257  gram 
per  100  c.c.  of  culture;  expressed  as  a  mixture  of  acetic  and 
butyric  acids,  the  yield  was  equivalent  to  o.  104  gram  acetic  and 
o.  153  gram  butyric  acid. 

Sulphur  Compounds, 

Observations  on  the  fresh  feces  from  persons  with  ''primary'* 

pernicious  anaemia  have  failed  to  show  any  peculiarities  in  respect 

to  the  presence  either  of  mercaptan  or  hydrogen  sulphide. 

Hydrogen  sulphide  could  usually  be  detected  but  was  not  usually 

present  in  considerable  amount.     Repeated  and  careful  tests 

(isatin-sulphuric-acid  method)  for  the  presence  of  mercaptans 

in  no  instance  led  to  a  positive  result.     This  is  of  special  interest 

in  view  of  the  fact  to  be  emphasized  later,  that  it  is  common 

> "  Stir  la  differentiation  du  '  Bacillus  putrificus '  (Bienstock)  et  des 
bacilles  ana^robie  tryptobutyriqiies  (Achalme),"  Ann.  de  VInst.  Pasteur, 
xix,  p.  804,  1905. 
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for  the  fecal  bacteria  from  persons  with  pernicious  anaemia  to 
make  mercaptan  when  grown  on  sugar-free  peptone  bouillon. 

The  Hydrobilirubin  Reaction  of  the  Feces. 

A  not  tinimportant  indication  of  unusual  conditions  of  bacte- 
rial activity  in  the  intestine  is  an  excessive  hydrobilirubin  re- 
action of  the  feces.  This  reaction,  first  described  by  Schmidt  in 
189s,  is  developed  when  one  acts  on  certain  kinds  of  feces  in  the 
fresh  state  by  means  of  a  concentrated  watery  solution  of  mercu- 
ric chloride.  The  marked  and  characteristic  red  color  with 
yellowish  fluorescence  which  appears  under  these  conditions  is 
believed  to  depend  on  a  combination  between  the  mercuric  salt  and 
hydrobilirubin  (perhaps  identical  with  urobilin).  An  analogous 
combination  exists  in  JaflEe's  zinc-chloride-urobilin  compound. 
Both  substances  give  the  same  spectroscopic  picture — namely 
a  band  between  the  Unes  b  and  E. 

In  the  course  of  a  systematic  examination  of  the  feces  from 
normal  individuals  and  from  many  different  pathological  sources, 
it  was  noticed  that  the  merctiric  chloride  reaction  was  strongest 
in  personsi  suffering  from  intestinal  disorders,  especially  in  those 
with  excessive  intestinal  putrefaction.  The  weakest  reactions 
were  found  in  the  case  of  acholic  stools  and  in  the  case  of 
children  and  yoimg  adults  presenting  only  slight  indications  of  in- 
testinal putrefactive  decomposition  (low  ethereal  sulphates,  ab- 
sence of  indican  and  low  phenol) .  The  results  in  the  anaemia 
cases  are  briefly  summarized  in  the  following  table: 

TABLE  RELATIVE  TO  THE  HYDROBILIRUBIN  REACTION  OF  THE  FECES 


Caw 

Date  of 
Examination 

Degree  of  Re- 
action with 
HgQa 

Behavior  of  Material  on  Exposure  to  Air 

1 

Mar.  30,  '06 
Apr.  1,  '06 

Very  strong 

Strong 

Strong 

II 

Mar.  21,  '06 
Mar.  28.  '06 

Very  strong 
Very  strong 

Greenish;  shows  red-brown  layer  on 

exposure 
Light  brown;  red  layer  on  exposure 

III 

Mar.  20,  '06 
Apr.  30,  '06 

Very  strong 
Very  strong 
Almost  im- 
mediately 
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Case 

Date  of 
Examination 

Degree  of  Re- 
action with 
HsQ, 

Behavior  of  Material  on  Bxpoture  to  Air 

1 

IV 

Dec.  18,  '05 
Jan.  5,    '06 

Strong 
Strong 

■ 

VI 

Mar.  17,  '06 
Mar.  26,  '06 

Strong 
Moderate 

Greenish;  reddish  on  expostire 

VII 

Jan.   18, '06 
Apr.  21,  '06 

Moderate 
Faint 

VIII 

Dec.  30,  '05 
Jan.  9,    '06 
Apr.  14,  '06 

Moderate 
Moderate 
Very  strong 

X 

Nov.  28,  '05 
Dec.  2,   '05 
Dec.  9,   '05 
Dec.  13.  '05 
Dec.  18,  '05 
Feb.   1,  '06 
Mar.  14,  '06 

Very  strong 

Very  strong 

Very  strong 

Strong 

Strong 

Moderate 

Negative 

■ 

Greenish  with  yellow  streaks 

XI 

Dec.  19,  '05 

Strong 

Yellow,    changing    to  red    on  ex- 
posure 

XII 

Dec.  27.  '05 
Jan.  2,    '06 

Jan.   12.  '06 
Feb.  1.    '06 
Feb.  14,  '06 
Mar.  17  '06 
Apr.  5,    '06 
Apr.  27.  '06 

Moderate 
Strong 

Moderate 
Moderate 
Strong 
Strong 
Very  strong 
Very  strong 

Turns  reddish  yellow  on  surface 
Lieht  yellow;  turns  reddish  on  sur- 
face 

Turns  reddish-brown 
Turns  reddish-brown 

XIII 

Apr.  17.  '06 

Very  faint 
Doubtful 

XIV 

Jan.  4,     '06 
Jan.  10,  '06 

Moderate 
Moderate 

Dull  yellow;  darker  on  surface 
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Case 

Date  of 
Examination 

Decree  of  Re- 
action with 
HgQa 

Behaviour  of  Material  on  Bxposxire  to  Air 

XV 

Mar.  30,  '06 
Apr.  30.  '06 

Strong 
Fairly  strong 

Very  light  yellow,  darkening  on 
exposure 

XVII 

May  5,  *06 

Intense   im- 
mediately 

The  table  shows  that  in  our  cases  of  advanced  anaemia  it  was 
usual  to  meet  with  a  strong  mercuric  chloride  reaction  of  the  feces. 
This  result  is  so  frequent  among  cases  of  this  kind  that  it  becomes 
noteworthy.  Very  strong  reactions  were  observed  in  some  cases 
of  moderate  anaemia  in  which  putrefactive  decomposition  in 
the  intestine  was  extreme.  The  reaction  doubtless  depends 
on  the  reduction  of  bilirubin  in  the  course  of  putrefactive 
decomposition  in  the  intestine  and  may  therefore  be  expected 
to  run  parallel  to  the  reducing  activity  of  the  intestinal  bacteria. 
A  careful  comparison  of  the  reducing  activity  of  the  intestinal 
bacteria,  as  measured  by  the  effect  of  the  mixed  fecal  bacteria 
on  various  media  colored  with  methylene  blue,  neutral  red,  and 
methyl  violet,  failed  to  demonstrate  any  close  relationship  of 
this  kind,  although  in  general  the  strongest  merctiric  chloride 
reactions  were  found  in  those  cases  in  which  the  intestinal  re- 
duction was  most  active.  There  were,  however,  cases  in  which  the 
bichloride  reaction  was  feeble  despite  the  fact  that  the  intestinal 
bacteria  were  shown  to  be  capable  of  reducing  strongly.  It  seema 
likely  that  another  factor  is  necessary  to  make  possible  a  strong 
mercuric-chloride  reaction,  namely  the  presence  of  a  sufficient 
supply  of  biliary  coloring  matter  in  the  large  intestine.  For  it 
is  true  that  when  the  bile  is  cut  off  from  the  intestine,  as  in 
obstructive  jaundice,  the  bichloride  reaction  may  wholly  fail  and 
is  usually  feeble.  The  persistence  of  the  reaction  in  slight 
degree,  in  some  cases  where  autopsy  has  demonstrated  the  pres- 
ence of  complete  obstruction  of  the  biliary  duct,  has  been  re- 
ferred by  some  writers  to  a  slight  secretion  of  biliary  coloring 
matter  through  the  intestinal  walls,  and  this  is  perhaps  the  true 
explanation.  If  the  presence  of  biliary  coloring  matter  is 
essential  to  the  production  of  the  bichloride  reaction,  one  would, 
expect  this  reaction  to  be  particularly  intense  when  blood' 
destruction  is  from  any  cause  excessive  and  permits  the  escape.- 
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of  exceptionally  large  quantities  of  bilirubin  into  the  intestine. 
The  mere  introduction  of  an  excess  of  bile  pigment  into  the  in- 
testine does  not,  however,  suffice  to  intensify  the  reaction,  as 
I  have  satisfied  myself  by  means  of  experiments  on  dogs.  Appar- 
ently two  factors  are  concerned  in  determining  the  formation  of 
hydrobilirubin — ^the  presence  of  a  sufficient  amotmt  of  bilirubin 
and  the  existence  of  conditions  of  bacterial  activity  permitting 
the  rapid  reduction  of  this  coloring  matter.  Outside  the  body 
the  reduction  of  bilirubin  to  hydrobilirubin  by  bacteria  was  a 
slow  process  in  the  experiments  which  I  have  thus  far  made. 

In  some  cases  the  feces  which  gave  a  strong  hydrobilirubin 
reaction  showed  a  spontaneous  and  marked  alteration  in  color  on 
exposure  to  the  air. 

The  relation  of  the  hydrobilirubin  reaction  to  the  urobilinogen 
reaction  of  the  feces  with  Ehrlich's  aldehyde  is  a  point  of  interest 
on  which  one  cannot  at  present  express  an  opinion.  As  already 
menti6ned  there  are  instances  in  which  the  feces,  after  distilla^ 
tion^  of  all  the  indol  present  (as  shown  by  the  aldehyde  reaction, 
which  is  very  delicate) ,  still  give  a  reaction  in  the  cold  with  a 
dimethylamidobenzaldehyde  solution.  This  reaction  is  believed 
to  depend  on  the  presence  of  urobilinogen.  It  has  been  fairly 
well  marked  in  some  of  our  ansemia  cases  but  there  is  as  yet  no 
evidence  that  the  reaction  bears  any  definite  relation  to  the 
hydrobilirubin  reaction  although  the  two  substances  urobilinogen 
and  urobilin  (hydrobilirubin?)  are  closely  related  chemically. 

The  Ethereal  Sulphates. 

It  is  generally  admitted  by  physiological  chemists  that  the 
ethereal  sulphates  of  the  urine  are  perhaps  the  best  single  index 
to  the  extent  of  putrefaction  in  the  intestine,  or,  more  accurately 
stated,  to  the  degree  of  absorption  of  putrefactive  products  into 
the  circtilation.  Physiologists  differ,  however,  as  to  what  consti- 
tutes an  excessive  excretion  of  ethereal  sulphates,  some  laying 
stress  on  the  absolute  quantities  excreted  daily,  others  attaching 
-especial  importance  to  the  ratio  between  ethereal  and  preformed 
sulphates.     From  a  long  experience  in  dealing  with  this  question 

iThis  distillation  shotild  be  conducted  in  an  atmosphere  of  carbon 
dioxide  in  order  to  prevent  oxidation  of  the  reacting  substance  which 
is  sensitive  both  to  air  and  to  the  action  of  sunlight. 
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I  have  learned  to  emphasize  especially  the  necessity  of  considering 
the  ratio  of  ethereal  and  preformed  sulphates.  It  has  been  urged 
against  this  ratio  that  as  the  preformed  sulphates  are  derived 
from  proteid  metabolism  whereas  the  ethereal  sulphates  repre- 
sent putrefactive  decomposition,  we  are  comparing  incommensu- 
rate things  when  we  use  the  ratio  as  a  measure  of  putrefaction. 
It  should,  however,  not  be  overiooked  that  in  health,  and  still 
more  in  disease,  the  quantity  of  the  putrefactive  products  bears 
a  relation  to  the  quantity  of  proteid  ingested — an  excess  of 
proteids  in  the  dietary  being  the  most  certain  means  of  increasing 
intestinal  putrefaction.  Against  the  use  of  the  absolute  ethereal 
sulphate  value  as  an  index  of  putrefactive  decomposition  is  the 
fact  that  in  health  this  value  fluctuates  widely.  If  the  exact  con- 
ditions of  diet  and  absorption  were  known,  this  absolute  value 
would  be  useful  but  it  is  ordinarily  quite  impracticable  to  obtain 
the  necessary  data.  On  the  other  hand,  I  have  been  able  to 
satisfy  myself  that  when  the  ratio  of  ethereal  and  preformed  sul- 
phates falls  below  10  one  almost  always  meets  with  excessive 
quantities  of  phenol  or  indol  in  the  feces.  It  will  be  seen  from  the 
table  that  the  ratio  of  ethereal  and  preformed  sulphates  tends 
to  run  low  in  the  anaemia  cases  studied — the  tendency  being  very 
pronounced  in  Cases  II,  III,  IV,  VIII,  IX,  X,  XII,  and  XV. 
These  results  are  simply  corroborative  of  the  general  proposi- 
tion that  the  putrefactive  processes  were  excessive  in  the  intesti- 
nal tracts  of  the  patients  under  consideration. 

Hunter  in  his  well-known  work  on  pernicious  anaemia  has 
recorded  results  obtained  from  the  study  of  the  excretion  of  the 
ethereal  stilphates  in  a  case  of  pernicious  anaemia.^  The  results 
obtained  in  this  case  are  similar  to  those  reported  here.  The 
absolute  quantities  of  ethereal  sulphate  are  not  strikingly  high, 
but  on  most  occasions  the  ratio  of  preformed  to  combined 
sulphuric  acid  is  high.  Hunter  concludes  from  his  figures  that 
the  absolute  amoimt  of  putrefaction  occurring  within  the 
intestinal  canal  was  not  excessive,  but  that  in  proportion  to 
the  quantity  of  proteid  food  ingested  putrefaction  was  distinctly 
excessive.  He  believes  further  that  the  relative  putrefactive 
excess  was  not  sufficiently  great  to  be  credited  with  being  the 

» Pernicious  Atuemia:  Its  Pathology,  Septic  Origin,  Symptoms,  Diag- 
nosis, and  Treatment,    London,  190 1. 
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TABLE  SHOWING  EXCRETION  OP  ETHEREAL  SULPHATES. 

Cue 

Dfttt 

Preformed 
Solphuric  Acid. 
Grami 

Combined 

Stdphuric  Add. 

OrAmt 

Ratio 

I 

Mar.  23,  '06 
Apr.  2,    '06 

0.6675 
2.0731 

0.2716 
0.1289 

9.8 
16.0 

II 

Mar.  21,  '06 
Mar.  25,  '06 

0.7421 
0.2952 

0.1720 
0.0872 

4.2 
3.4 

III 

Mar.  21,  '06 
Apr.  27.  '06 

0.3091 
1.1124 

0.0580 
0.2816 

5.3 
3.9 

IV 

Dec.  18,  05 
Jan.  6,    '06 

0.3005 
0.5891 

0.1444 
0.1080 

2.1 
5.4 

VI 

Mar.  20,  '06 
Mar.  24,  '06 

0.4615 
0.5846 

0.1522 
.    0.0462 

3.0 
11.6 

VII 

Mar.  15.  '06 

0.7947 

0.1167 

6.9 

VIII 

Jan.  9.    '06 

0.1265 

0.0210 

6.0 

IX 

Dec.  4,    '05 

0.1753 

0.0353 

5.0 

X 

Nov.  27,  '05 
Nov.  30.  '05 
Dec.  4,    '05 
Dec.  7,    '05 
Dec.  11,  '05 
Jan.  31,  '06 
Mar.  14,  '06 
Mar.  27,  '06 

0.9930 
1.5075 
1.4510 
0.6831 
1.368 
0.6234 
2 . 7538 
1 . 5738 

0.2220 
0.1665 
0.1050 
0.0809 
0.1317 
0.1164 
0.3042 
0.1972 

4.4 
9.0 

13.9 
8.4 

10.4 
5.4 
9.0 
8.0 

XII 

Dec.  26,  '05 
Jan.  15,  '06 
Jan.  31,  '06 
Feb.  16,  '06 
Mar.  3,    '06 
Mar.  16,   06 
Apr.  5,     06 
At^r.  27,  '06 

1.1677 
0.8966 
0.7063 
0 . 7565 
1 . 1764 
1.236 
1.4218 
1 . 0859 

0.1093 
0.1680 
0.1066 
0.1115 
0.1186 
0.0749 
0.1092 
0.0691 

10.7 

5.3 

6.6 

6.8 

9.9 

16.5 

13.0 

15.7 

XV 


Mar.  30,  '06 
Apr.  4,     '06 


1.2254 
1 . 5867 


0.3046 
0.3313 


4.0 

4.7 
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cause  of  the  special^  symptoms  of  so  well-marked  a  disease  as 
pernicious  anaemia.  This  latter  conclusion  is  one  to  which  I 
should  not  wish  to  commit  myself  on  the  grounds  brought 
forward  by  Htmter,  for  while,  as  already  stated,  the  ethereal 
sulphates  are  the  best  single  index  of  the  d^ree  of  intestinal 
putrefaction  they  give  no  clue  to  the  character  of  the  putrefactive 
products,  on  which  the  pathological  significance  of  the  putre- 
faction may  in  an  important  measure  depend. 

On  the  Production  of  Methyl  Mercaptan  and  of  Gas  by  the  Mixed 
Fecal  Bacteria  from  Advanced  Cases  of  AncBmia. 

As  the  character  of  physiological  activities  of  the  bacteria  of 
the  feces  is  obviously  a  matter  of  interest  in  any  study  of  the  flora 
of  the  digestive  tract,  and  as  these  activities  can  hardly  be 
pictured  with  success  by  any  method  involving  the  formation  of  a 
composite  picture  through  the  fusion  of  our  conceptions  of  the 
physiological  activities  of  individual  bacterial  species,  an  attempt 
has  been  made  to  learn  something  through  the  cultivation  of 
the  mixed  bacterial  flora  on  artificial  media.  These  studies 
relate  to  the  production  of  gas,  ammonia  and  other  bases,  acids, 
indol,  phenol,  mercaptan,  and  hydrogen  sulphide.  It  is  desired 
to  call  attention  here  to  only  two  manifestations  of  bacterial 
activity — the  ability  to  make  methyl  mercaptan  and  the  capacity 
to  produce  gas.  These  subjects  have  already  been  touched  on 
in  a  preliminary  way  in  this  Journal^  and  the  methods  employed 
have  been  described  with  sufficient  fulness. 

The  chief  drawback  to  the  use  of  this  method  in  the  study  of 
intestinal  disorders  is  that  we  have  no  guarantee  that  the  mixed 
fecal  flora  introduced  by  inoculation  into  an  artificial  culture 
medium  will  develop  there  in  the  same  way  as  in  the  intestine. 
Indeed  it  is  certain  that  in  many  instances  the  dominant  types  of 
bacteria  in  the  culture  medium  are  not  the  same  as  in  the  feces. 
Still  the  method  has  a  certain  value  for  the  reason  that  the  decom- 
positions observed  bear  a  definite  relation  to  the  flora  present  in 
the  digestive  tract,  although  not  one  expressive  of  the  exact 
conditions  of  putrefaction  within  the  body. 

»This  Jovimal,  i,  p.  415  and  p.  421,  1906. 
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The  Production  of  Methyl  Mercaptan  by  Fecal  Bacteria  from 

Persons  with  Advanced  Ancemia. 

What  has  been  learned  from  a  study  of  the  mercaptan  reaction 
in  relation  to  the  anaemia  cases  may  be  briefly  summarized.  In 
seven  of  the  cases  (Nos.  I,  IV,IX,  X,  XII,  XV,  and  XVII)  strong 
or  intense  reactions  for  mercaptan  were  obtained  by  means  of  the 
isatin  sulphuric  acid  test.  Some  of  these  reactions  are  the  strong- 
est we  have  observed  in  the  course  of  considerable  experience 
with  the  method.  In  Case  II  there  was  apparently  no  tendency  to 
mercaptan  production  and  in  some  of  the  other  cases  the  inclina- 
tion of  the  fecal  bacteria  to  make  mercaptan  when  grown  on 
peptone  bouillon  was  apparently  not  considerable,  although  in 
many  instances  the  observations  were  not  sufficiently  nxmierous 
to  enable  one  to  form  a  positive  judgment. 

As  pointed  out  in  a  previous  paper,  the  persistent  tendency  of 
fecal  bacteria  from  adults  to  make  mercaptan  on  a  simple  peptone 
medium  is  probably  to  be  regarded  as  a  pathological  rather  than 
a  normal  manifestation,  although  it  is  true  that  one  sometimes 
finds  apparently  normal  adults  whose  bacteria  make  enough 
mercaptan  under  the  described  conditions  to  give  a  fair  isatin 
reaction.  Especially  in  the  case  of  bottle-fed  babies  have  I  fre- 
quently found  instances  in  which  the  intestinal  flora  were  capable 
of  making  mercaptan.  A  slight  mercaptan  production  may  give 
place  to  the  production  of  larger  quantities  with  the  onset  of  a 
febrile  disease.  The  fecal  flora  may  produce  mercaptan  but  very 
little  hydrogen  sulphide;  in  general,  however,  the  bacteria  which 
make  an  abundance  of  hydrogen  sulphide  tend  to  make  methyl 
mercaptan. 

The  explanation  of  the  mercaptan  production  which  has  been 
noted  in  disease  and  sometimes  in  health  is  not  yet  clear.  B. 
putrificus  (Bienstock)  is  the  only  micro-organism  we  have  yet 
found  which  is  capable  (in  pure  culture)  of  making  mercaptan 
from  a  peptone  medium.  There  is  as  yet  no  evidence  that  the 
observed  mercaptan  production  by  fecal  bacteria  is  the  result 
of  the  action  of  putrificus,  but  the  possibility  has  not  been 
definitely  excluded. 

I  am  not  disposed  to  attach  much  physiological  or  pathological 
significance  to  the  formation  of  mercaptan  by  fecal  bacteria. 
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This  is  partly  because  experiments  on  dogs  with  high  enemata 
of  methyl  and  ethyl  mercaptan  solutions  repeated  daily  over 
long  periods  (25  to  50  c.c.  of  a  one  per  cent,  solution)  have 


TABLE  SHOWING  INTENSITY  OP  MERCAPTAN  REACTION  IN  PEPTONE 

MEDIUM  INOCULATED  WITH  FECAL  BACTERIA  FROM 

PERSONS  WITH  ADVANCED  ANAEMIA. 


No.  of 
Case 

Date 

Mercaptan 
Reaction 

Remarks 

I 

Feb.  5,    '06 
Mar.  23,  '06 
Mar.  24,  '06 
Mar.  27,  '06 
Mar.  31,  '06 
Apr.  3,    '06 
Apr.  6, .  '06 

Moderate 

Strong 

Intense 

Intense 

Strong 

Intense 

Strong 

Reaction  completed  in  10  min. 
««                 ««               «« 

<<                 «<               «« 

««                 <«               «« 

(«                 i«               «< 

((                 ««               «« 

tt                 «i               «« 

II 

Mar.  22,  '06 
Mar.  27,  '06 

Negative 
Faint  trace 

No  development  in  40  min. 
Reaction  occurred  in  15  min. 

III 

Mar.  21,  '06 
May  1,     '06 

Faint  trace 
Negative 

Reaction  required  30  min. 
No  development  in  20  min. 

IV 

Dec.  18,  '05 
Jan.  3,     '06 

Strong 
Strong 

Reaction  required  5  min. 
Deep  green  after  10  min. 

V 

Jan.  26,  '06 

Moderate 

• 

VI 

Mar.  17,  '06 
Mar.  26,  '06 

Negative 
Strong 

Time  allowed  was  30  min. 
Time  required  was  7  min. 

VII 

Jan.  18.  '06 
Mar.  15,  '06 
Apr.  22,  '06 

Negative 

Trace 

Strong 

Time  allowed  was  31  min. 
Time,  15  min. 

VIII 

Dec.  30,  '05 
Jan.  9,     '06 
Apr.  15,  '06 

Negative 

Trace 

Intense 

3  days'  growth 

Reaction  occurred  in  10  min. 

IX 

Dec.  4,     '05 

Strong 

Olive  green  in  5  min. 
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No.  of 
Case, 

Date 

Mercaptan 
Reaction 

Remarks 

X 

Nov.  30.  '05 

Strong 

Time  allowed  was  5  min. 

Dec.  8.    '05 

Slight 

Dec.  12.  '05 

Strong 

Dec.  18.  '06 

Slight 

Feb.  1,    '06 

Strong 

Time  allowed,  6  min. ;    culture   two 

days  old. 

Feb.  5.    '06 

Strong 

Mar.  14,  '06 

Strong 

Time  was  10  min. 

Xll 

Dec.  26,  '06 

Trace-strong 

Trace  appeared  in  5  min.,  became 
strong  in  30  min. 

[an.  2.    *06 

Strong 

Culture  1  day's  growth 

^ 

[an.  2.    '06 
[an.  17,  '06 

Negative 
Negative 

2  days'  growth  in  cystin  medium 

Peb.  1,    '06 

Strong 

Time,  6  min.  on  culture  4  days  old 

Feb.  1.    '06 

Negative 

Mar.  4.    '06 

Trace 

Time  allowed,  30  min. 

•" 

Mar.  18,  '06 

Intense 

Time  allowed.  7  min. 

Apr.  6,    '06 

Strong 

Time  allowed.  30  min. 

Mayl,    '06 

Intense 

Time,  10  min. 

XIII 

May  1,    '06 

Moderate 

Time  allowed,  60  min. 

XIV 

Jan.  3.    '06 

Negative 

Jan.  10,  '06 

Negative 

Feb.  5,    '06 

Intense 

Reaction  developed  in  5  min.  in  a 
culture  2  days  old. 

XV 

Mar.  30,  '06 

Strong 

Time  allowed,  10  min. 

Apr.  6,    '06 

Strong 

Time  allowed,  25  min. 

May  1,     '06 

Negative 

Time  allowed,  20  min. 

XVI 

Dec.  1,    '05 

Trace 

Time  allowed,  20  min. 

Dec.  8,    '05 

Fairly  strong 

Dec.  15,  '05 

Dec.  22,  '05 

Strong 

Time  allowed,  10  min. 

XVII 

May  5.     '06 

Intense 

Time  allowed,  15  min. 

May  7,     '06 

Intense 

Time  allowed,  10  min. 

failed  to  induce  definite  toxic  manifestations.  Moreover 
it  appears  to  me  by  no  means  certain  that  methyl  mercaptan 
is  actually  formed  in  the  intestine   (and  absorbed  therefrom) 
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in  appreciable  quantity  by  the  bacterial  flora  which,  outside 
the  body,  have  been  fotuid  able  to  make  this  sulphur  com- 
pound. Although  hydrogen  sulphide  is  readily  detectable 
in  the  freshly  passed  feces  of  many  individuals  with  advanced 
anaemia,  I  have  never  been  able  to  detect  more  than  a  trace 
of  methyl  mercaptan  even  in  quite  fresh  material.  This  fact, 
though  not  conclusive,  makes  one  question  whether  mer- 
captan is  formed  in  any  part  of  the  intestinal  tract  in  quantities 
that  possess  any  pathological  significance. 

But  notwithstanding  the  absence  of  evidence  that  mercaptans 
are  factors  in  the  production  of  intoxications,  the  ability  of 
certain  flora  to  make  these  substances  outside  the  body,  on  a 
peptone  medium,  is  of  some  biological  interest  and  it  has  seemed 
desirable  to  state  here  the  persistence  with  which  mercaptan  for- 
mation occurs  under  the  action  of  bacteria  derived  from  the 
intestines  of  certain  anaemic  patients.  ^ 

On  the  Restricted  Formation  of  Gas  by  the  Fecal  Flora  Grown  on 

Sugar  Bouillon. 

Early  in  the  course  of  the  present  investigation  it  was  noticed 
that  the  fecal  flora  from  certain  individuals  almost  regularly 
fall  far  below  the  normal  standard  of  activity  in  gas  production 
on  sugar-bouillon  media.  It  was  observed  also  that  material 
derived  from  persons  with  pernicious  anaemia  and  allied  blood 
diseases  is  so  apt  to  show  the  peculiarity  of  low  gas  production 
that  it  must  be  regarded  as  a  feature  of  such  affections,  although 
by  no  means  limited  to  them. 

As  already  explained  elsewhere  2,  the  mixed  fecal  flora  from 
healthy  adults  on  a  mixed  diet  make  considerable  gas  when 
grown  on  sugar  bouillon  for  twenty-four  hours,  and  the  volume  of 
gas  made  under  fixed  conditions  is  apt  not  to  vary  widely  in  the 
case  of  the  same  individual,  if  the  dietetic  conditions  remain  sim- 
ilar. In  the  observations  made  in  my  laboratory,  the  practice  has 
been  followed  of  inoculating   four  sugar-bouillon  fermentation 

»  Dr.  Rettger  writes  me  that  he  has  obtained  a  strong  mercaptan  re- 
action from  the  products  of  growth  of  the  mixed  fecal  bacteria  from 
three  patients  with  pernicious  anaemia.  I  have  also  observed  another 
case  of  pernicious  anaemia  (not  included  in  the  above  report)  in  which  a 
very  strong  reaction  was  noted . 

2  This  Journal,  i,  p.  415,  1906. 
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tubes  (dextrose-,  levulose-,  lactose-,  and  saccharose-bouillon) 
with  the  material  to  be  tested.  Usually  the  gas  production  has 
been  greatest  in  the  lactose  tube  and  least  in  the  saccharose  tube. 
The  column  found  in  each  tube  was  measured  and  the  total  gas 
production  in  the  series  of  four  tubes  was  recorde  d.  It  was  f otmd 
that  in  normal  individuals  the  avenge  gas  production  for  the 
four  tubes  is  about  loo  millimeters.^  Among  healthy  individuals 
on  a  mixed  diet,  the  fecal  flora  seldom  yield  less  than  65  milli- 
meters of  gas  in  the  four  tubes.  The  bacteria  derived  irom 
persons  with  digestive  disorders,  on  the  other  hand,  very 
frequently  give  not  more  than  60-75  niillimeters  of  gas  in  the 
four  tubes.  In  the  case  of  persons  suffering  from  blood  diseases, 
a  very  much  greater  restriction  in  gas  production  has  been  noted, 
as  will  be  seen  by  reference  to  the  table.  The  tendency  to 
low  gas  production  is  especially  notable  in  Cases  I,  II,  VI,  VII, 
VIII,  X,  XIV,  and  XVII.  In  Case  XII,  in  which  eight  ob- 
servations were  made,  the  gas  production  fell  below  73  milli- 
meters only  on  three  occasions  (45,  60,  and  66  millimeters).^  In 
Case  XV,  also,  we  have  three  observations  which  fall  within 
the  normal  limits  (79, 103,  and  136  millimeters),  this  case  being 
one  of  secondary  anaemia  associated  with  pronounced  putre- 
factive conditions.    In  looking  over  the  table  of  recorded  results 

» The  anaerobic  limb  of  our  fermentation  tubes  measures  about  95 
millimeters. 

2  It  should  be  stated  that  after  the  manuscript  of  this  paper  had  been 
sent  to  press  the  gas  production  by  the  fecal  flora  from  Case  XII  fell 
to  25  millimeters  (in  the  four  sugar-bouillon  tubes).  This  fall  in  gas 
production  was  coincident  with  a  period  of  relapse  in  which  the  red 
blood  cells  and  haemoglobin  declined  considerably  (although  only  tem- 
porarily). At  the  same  time  the  microscopical  fecal  fields  showed  a 
very  marked  increase  in  bacteria  of  the  type  of  B.  aerogenes  capsulatus 
and  a  falling  off  in  organisms  of  the  B.  coli  type.  Typical  B.  aerogenes 
capsulatus  was  found  abimdantly  on  the  highly  anaerobic  agar  plates 
prepared  at  this  time.  The  presence  of  this  organism  in  tmusual  numbers 
was  furthermore  proved  by  the  gas  production  noted  in  an  incubated 
rabbit  which  had  been  injected  with  an  exceptionally  dilute  suspension 
of  the  fecal  bacteria  (1-50).  Moreover  it  was  impossible  to  recover 
bacteria  of  the  B.  coli  group  from  gelatin  plates  made  at  this  period. 
Finally,  it  should  be  noted  that  the  fecal  bacteria  grown  in  peptone 
bouillon  produced  methyl  mercaptan  in  imusual  abundance,  judging  by 
the  intensity  of  the  isatin  reaction. 
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it  will  be  seen  that  there  are  other  instances  in  which  gas  pro- 
duction has  fallen  within  the  normal  limits. 

A  feature  of  much  importance  to  the  interpretation  of  the 
recorded  results  is  the  presence  or  absence  of  diarrhoea.  Repeated 
observations  have  shown  that  the  occurrence  of  diarrhoea  tends 
to  increase  the  gas-forming  activities  of  the  fecal  flora.  The 
explanation  of  this  fact  is,  I  think,  obvious.  It  has  been  found 
that  the  gas  production,  in  the  four  sugar-bouillon  tubes  which 
has  been  incited  by  the  action  of  pure  cultures  of  B.  coli  derived 
from  human  sources  resembles  closely  in  voltune  and  chemical 
character  the  gas  production  by  the  mixed  fecal  bacteria  from 
normal  adults.  This  fact,  viewed  in  connection  with  the  ob- 
served growth  of  organisms  of  the  B.  coli  type  in  the  fermentation 
tubes,  has  led  to  the  inference  that  a  large  part  of  the  gas  pro- 
duction on  the  part  of  the  fecal  flora  is  due  to  the  activities  of 
organisms  of  the  B.  coli  type.  It  is  known  that  these  bacteria 
tend  to  die  as  they  approach  the  recttmi  from  higher  levels 
of  the  intestine,  and  that  living  gas-producing  bacteria  (B.  coli 
and  lactis  aerogenes  types)  are  more  ntunerous  in  the  upper  than 
in  the  lower  colon.  It  can  easily  be  shown  that  conditions  which 
induce  a  rapid  passage  of  the  intestinal  contents  through  the  gut 
bring  down  increased  numbers  of  living  gas-forming,  Gram- 
negative  bacteria.  The  relative  increase  in  B.  lactis  aerogenes 
is  probably  a  factor  in  the  greater  gas  formation. 

A  comparison  of  the  pictures  presented  by  the  Gram-stained, 
microscopical,  fecal  fields  with  gas  production  induced  by  the 
bacteria  which  constitute  these  fields,  leads  to  one  definite  con- 
clusion. It  is  that  Gram-positive  fields,  containing  relatively 
few  or  poorly  preserved  micro-organisms  of  the  B.  coli  type  are 
associated  with  restricted  gas  production  almost  without  ex- 
ception. On  the  other  hand,  fecal  material  showing  Gram- 
negative  fields,  made  up  of  well-preserved  bacteria  corresponding 
morphologically  to  the  type  of  B.  coli,  rarely  fail  to  produce  gas 
abundantly. 

The  observed  failure  to  make  gas  in  normal  amount  in  per- 
nicious anaemia,  I  refer  to  a  diminution  in  the  number  of  living 
micro-organisms  of  the  B.  coli  type  in  the  feces,  though  there  is 
no  proof  that  in  some  instances  this  factor  may  not  be  reinforced 
by  the  inhibitory  activity  of  other  types  of  micro-organisms. 
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TABLE  SHOWING  INTENSITY  OP  GAS  PRODUCTION  IN  PEPTONE 

MEDIUM  INOCULATED  WITH  FECAL  BACTERIA  FROM 

PERSONS  WITH  ADVANCED  ANiCMIA. 


No.  of 
Case 

Date 

Amotint  of  Gas 
Production. 
Millimeters 

Remarks 

I 

Feb.    5,  '06 
Mar.  20,  '06 

Mar.  24,  '06 
Mar.  27.  '06 
Mar.  31.  '06 
Apr.    3,  '06 
Apr.    6.  '06 

97 

(1)  26 

(2)  10 

5 

54 
62 

Diarrhoea!  movement 

II 

Mar.  22,  '06 
Mar.  27,  '06 

62 
35 

Coli  type  poorly  preserved 

III 

Mar.  20.  '06 
Apr.  29,  '06 

62 
114 

Coli  type  fairly  numeroiis;  fair- 
ly preserved 

IV 

Dec.  18,  '05 
Jan.    5,  '06 

155 
45 

Diarrhoea 

Coli  type  present;  preser\'ation 
poor 

V 

Jan.  26,  '06 

Coli    type    abundant;    poorly 
preserved 

VI 

Mar.  17,  '06 
Mar.  26,  '06 

54 
56 

Coli  type  only  moderately  abun- 
dant 

Coli  tvpe  only  moderately  abun- 
dant 

VII 

Jan.  18,  '06 
Mar.  15    '06 
Apr.  20,  '06 

43 

Coli  type  poorly  preserved 
Blood  condition  much  improved 

III 

Dec.  30,  '05 
Jan.    9,  '06 
Apr.  14,  '06 

95 
70 
63 

Diarrhoea 
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Nd.o( 
Cue 

D.te 

^^.Uin'^n- 

RcBurlu 

IX 

Dec.    4.  05 

160 

Diarrhoeal  movement 

X 

Nov.  28.  '05 

23 

Nov.  30,  'Oo 

30 

Dec.  5,     06 

Dec.    8.  05 

Dec.  12,  '03 

Dec.  28.  -05 

60 

Feb.    1,  '06 

Mar.  U,  06 

20 

XII 

Dee.  25,  '05 

85 

Jan.    2,  -06 
Jan.  17,  '06 

85 

112 

Soft  movement  from  high  ene- 

Feb.    I,  '06 

45 

Feb.  14.  -06 

76 

Mar.    4,  06 

60 

Mar.  18,  '06 

66 

Partly  formed  movement 

Apr.    6,  '06 

102 

Soft,  unfonned  movement 

Apr.  28.  '06 

86 

Semi-solid  movement 

XIII 

Apr.  18.  "06 

116 

Fluid  movement 

XIV 

Jan.    3,  06 

35 

Tan.  10,  '06 

38 

Feb.    6,  -06 

63 

XV 

Mar.  30,  '06 

:03 

Apr.     4,  '06 

79 

Apr.  30,  -06 

136 

XVI 

Dec.    8,  '05 

100 

Dec.  15.  '05 

Dec.  22,  '05 

95 

XVII 

Apr.  30.  '06 
May  4.  "Ofi 

15 
25 
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The  considerable  or  normal  or  even  excessive  gas  production 
noted  in  some  cases  of  pernicious  anaemia  I  think  may  be  reason- 
ably ascribed  to  the  presence  of  gas-producing  organisms  (of  the 
B.  coli  type)  incidental  to  diarrhoea.  This  is  evidently  true  of 
many  of  the  cases  which  have  come  under  my  observation.  It 
is  probable,  however,  that  other  bacterial  influences  are  some- 
times at  work.  In  a  few  fermentation  tubes  in  which  there  has 
been  high  gas  production  and  in  which  organisms  of  the  B.  coli 
type  have  been  scanty,  there  has  been  evidence  of  multiplication 
of  organisms  morphologically  like  B.  aerogenes  capsulatus  (B. 
Welchii).  This  organism  is  a  rapid  and  abundant  gas-maker 
on  sugar-media  and  may  have  been  responsible  for  the  gas 
formation  in  the  cases  mentioned.  If  this  be  the  case,  it  shows 
that  a  normal  volume  of  gas  in  the  fermentation  tubes  does  not 
necessarily  mean  that  the  fermentation  has  been  carried  on  by 
the  normal  gas-makers  of  the  intestine — i.e,,  by  organisms  of  the 
B.  coli  and  B.  lactis  aerogenes  group.  Ordinarily  B.  aerogenes 
capsulatus  does  not  grow  well  on  sugar  bouillon  in  the  absence 
of  blood  or  fresh  animal  tissues  (such  as  liver)  and  it  is  not  yet 
clear  to  what  conditions  the  occasional  observed  growth  has  been 
due. 

It  is  believed  that  the  phenomenon  of  restricted  gas  production 
by  the  fecal  bacteria  is  one  of  much  biological  and  pathological 
interest  and  that  the  method  here  employed  in  the  study  of  gas 
production  will  prove  of  clinical  value.  The  phenomenon  of 
restricted  gas  production  is  by  no  means  limited  to  the  bacteria 
derived  from  persons  with  severe  anaemias  but  is  observed  in  lesser 
degree  in  many  digestive  disorders. 

I  have  several  times  observed  it  in  the  course  of  fever  and  think 
the  explanation  here  is  probably  the  same  as  in  the  cases  of 
digestive  derangement — i.e.^  the  partial  elimination  of  living 
colon  bacilli  from  the  feces — a  condition  of  colon  scarcity. 

In  a  recent  paper  which  promised  to  prove  significant  for  the 
understanding  of  bacterial  conditions  in  the  intestinal  tract, 
Conradi  and  Kurpjuweit  advanced  experimental  evidence  to 
show  that  the  obligate  colon  bacilli  of  the  human  intestine 
produce  substances  capable  of  holding  in  check  the  development 
of  other  species  of  bacteria, — for  example  the  typhoid  and  para- 
typhoid organisms.     To  these  inhibitory  substances  they  gave 
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the  name  "autotoxines, "  as  it  appeared  that  the  colon  bacilli 
were  themselves  subject  to  the  inhibitory  influence  exerted  by 
the  substances  produced  by  them.  If  such  inhibitory  powers 
could  have  been  shown  to  reside  in  the  colon  bacilli,  it  would 
have  thrown  an  important  light  on  our  knowledge  of  the  an- 
tagonisms between  intestinal  bacteria,  and  especially  on  the 
role  of  the  colon  bacillus  group  in  helping  to  exclude  saprophytic 
forms.  The  work  of  Conradi  and  Kurpjuweit  has,  however,  been 
recently  subjected  to  criticism  and  it  seems  clear  that  the 
phenomena  of  inhibition  which  they  described  as  being  de- 
pendent on  autotoxines  are  open  to  other  explanations.^  It 
appears  from  these  criticisms  that  the  phenomena  of  inhibition 
attributed  to  the  formation  of  autotoxines  are  probably  due, 
at  least  in  part,  to  the  exhaustion  of  the  nutrient  media  in  which 
the  colon  bacilU  have  grown.  Moreover  the  inhibition  of  the 
growth  of  typhoid  bacilli  and  other  bacteria  appears  to  have  been 
much  less  complete  than  was  supposed  by  Conradi  and  Kurp- 
juweit. It  is  a  matter  of  considerable  importance  in  connection 
with  the  present  study  to  know  whether  a  free  growth  of  the 
obUgate  colon  bacilli  in  the  intestine  operates  in  such  a  way  as 
to  check  the  development  of  Bacillus  aerogenes  capsulatus.  It 
is  certainly  true  that  a  greatly  diminished  representation  or  a 
complete  elimination  of  typical  colon  bacilli  from  the  feces  is  a 
feature  of  many  cases  of  severe  anaemia  and  it  is  possible  that 
this  partial  or  complete  disappearance  of  colon  bacilli  constitutes 
a  condition  especially  favorable  for  the  infection  of  the  digestive 
tract  by  Bacillus  aerogenes  capsulatus. 

The  Examination  of  Sediments  from  Fermentation  Tubes, 

In  speaking  of  the  study  of  the  Gram-stained  fecal  bacterial 
fields,  some  emphasis  is  laid  on  the  value  of  this  method  in 
gaining  an  acquaintance  with  the  dominant  bacterial  flora  of  the 
lower  part  of  the   intestine.     There  is  perhaps  no  better  intro- 

>  See  especially  the  criticisms  of  Moro  and  Murath,  •*Ueber  die  Bak- 
teriellen  Hemmimgsstoffe  des  Sauglingsstuhles,"  Wien.  klin.  Wochenschr. 
xix,  p.  371,  1906;  also  F.  Passini,  "Die  bakteriellen  Hemmungsstoffe  Con- 
radis  tind  ihr  Einfluss  auf  das  Wachstum  der  Anaerobier  des  Darmes," 
ihidf  p.  627;  and  R.  Oebius,  "Ueber  spontane  Wachstumshemmung  der 
Bakterien  auf  kunstlichen  Nahrboden,"  Med.  Klinik^  ii,  p.  598,  1906. 
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duction  to  the  bacterial  conditions  that  prevail  in  the  intestine 
than  the  careful  examination  of  a  series  of  microscopical  fields 
from  representative  parts  of  the  material  derived  from  the  lower 
bowel.  The  method  has,  however,  an  important  limitation 
which  should  be  clearly  recognized.  It  is  that  the  Gram  stain 
gives  us  no  positive  indication  as  to  which  bacteria  are  living 
and  which  are  dead.  It  is  important  to  be  informed  on  this 
subject,  for  if  the  apparently  dominant  organisms  in  a  field  are 
really  for  the  most  part  dead  and  autolysing,  it  is  obvious  that 
they  do  not  constitute  the  physiologically  dominant  variety. 
Especially  in  the  case  of  micro-organisms  of  the  B.  coli  group  is  it 
desirable  to  have  some  information  on  this  point,  since  these 
organisms  probably  exert  a  protective  action  against  certain 
invaders  of  the  intestinal  tract.  It  is  often  possible  to  gain  some 
knowledge  as  to  the  living  and  dead  varieties  of  fecal  bacteria 
by  examining  the  sediments  from  the  fermentation-tube  cultures 
which  have  been  employed  in  studying  the  gas  production,  indol 
production,  etc.,  of  the  intestinal  flora.  The  results  of  such 
study  have  developed  the  following  facts:  (i)  organisms  of  the  B. 
coli  group  may  fail  to  grow  freely  in  the  anaerobic  limb  of  the 
fermentation  tube  on  glucose  bouillon,  or  may  not  grow  at  all,  after 
inoculation  with  fecal  flora  which  appear  by  the  Gram  stain  to 
contain  many  (though  perhaps  poorly  preserved)  organisms  of 
the  B.  coli  type.  The  inference  in  such  cases  is  that  living  B. 
coli  were  in  reality  not  well  represented  in  the  feces,  although  in 
some  cases  another  possibility  presents  itself — namely  that  the 
bacteria  of  this  type  though  not  dead  have  been  inhibited  by  other 
species.  Among  our  patients  with  advanced  anaemia  the  fer- 
mentation tube  has  in  several  instances  pointed  to  the  absence 
of  B.  coli  in  the  fecal  contents, — always  in  cases  that  have  shown 
restricted  gas  production.  Among  normal  or  nearly  normal 
persons  who  have  been  used  for  control  observ^ations,  a  failure 
of  these  organisms  of  the  B.  coli  type  to  make  gas  has  not  been 
obser\'ed.  In  a  case  of  diabetes,  however,  with  Gram-positive 
fields,  B.  coli  failed  to  grow — again  with  small  gas  production. 
The  absence  of  living  B.  coli  in  the  feces  of  some  patients  with 
pernicious  anaemia  is  further  indicated  by  the  failure  of  repre- 
sentatives of  this  group  to  appear  on  litmus-gelatin  plates. 
(2)    The  positive  diplococci  which  are  normally  seen  in  the 
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feces  grow  readily  in  the  sugar-botiillon  fermentation  tubes  and 
are  apt  to  be  well  represented  in  the  sediment  both  from  normal 
and  pathological  cases. 

(3)  Streptococci  are  sometimes  found  in  great  abtmdance  in 
the  fermentation-tube  sediment.  This  is  especially  apt  to  happen 
in  the  case  of  material  which  microscopically  shows  the  presence 
of  a  considerable  ntmiber  of  streptococci;  but  it  may  also  happen 
that  there  is  an  abtmdant  and  dominant  growth  of  streptococci 
in  cases  where  the  microscopical  fields  have  failed  to  call  attention 
to  its  presence.* 

(4)  An  abundant  growth  of  an  organism  having  the  morpho- 
logical characters  of  B.  aerogenes  capsulatus  was  a  frequent 
occurrence  in  the  tubes  inoculated  from  patients  with  advanced 
anaemias.  This  was  observed  in  Cases  I,  II,  III,  VI,  VII,  VIII, 
IX,  and  XVI,  and  also  in  a  case  of  diabetes,  material  from  which 
had  shown  capsulatus-like  organisms  in  the  Gram-stained  fields. 
On  the  other  hand,  capsulati  were  not  ordinarily  observed  to 
grow  in  the  tubes  inoculated  from  the  feces  of  normal  persons 
selected  as  controls.  The  growth  of  B.  aerogenes  capsulatus  was 
generally  most  abundant  in  the  lactose-bouillon  tubes. 

Action  of  the  Mixed  Fecal  Bacteria  on  Milk. 

Among  the  first  observations  made  in  the  course  of  this  re- 
search was  the  fact  that  sterilized  milk  tmdergoe3  a  peculiar 
**stormy  fermentation"  when  inoculated  with  the  mixed  fecal 
flora  from  certain  individuals,  whereas  this  is  not  induced  by 
bacteria  from  other  sources.  In  this  fermentation  the  casein  is 
coagulated,  broken  up  into  small  fragments,  and  undergoes  some 
degree  of  peptonization,  while  there  is  at  the  same  time  a  rapid 

*In  one  instance  in  which  the  apparently  normal  feces  contained  very 
many  leucocytes  and  only  a  few  coccal  forms  in  the  fields,  the  fermentation- 
tube  sediments  showed  the  growth  of  streptococci  only,  colon  organisms 
failing  to  ^^w  in  most  of  these  tubes.  It  afterwards  developed  that 
the  patient  had  a  small  dental  abscess,  containing  streptococci,  the  pus 
from  which  had  for  two  years  been  passing  into  the  stomach.  The  chief 
clinical  conditions  were  anaemia,  mental  depression,  and  loss  of  weight. 
I  am  indebted  to  Prof.  James  for  the  opportimity  of  studying  these  con- 
ditions. A  very  similar  observation  was  made  in  the  case  of  a  young 
woman  who  developed  mucous  colitis'during  convalescence  from  measles^ 
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and  voluminous  liberation  of  gas.  The  meaning  of  the  phenom- 
enon was  not  at  first  clear,  but  it  now  seems  certain  that  it  is 
referable  to  the  action  of  bacteria  of  the  B.  aerogenes  capsulatus 
type.  This  view  is  borne  out  by  the  following  facts:  (i)  B. 
aerogenesjin  pure^culture  sets  up  the  "stormy  fermentation" 
just  mentioned;  (a)  the* fecal  flora  setting  up  this  type  of  fer- 
mentation in  milk  were  derived  almost  ^exclusively  from  persons 
in  whose  stools  micro-oiganisms  of  the  B.  Welchii  type  were  found 
in  considerable  abundance  (including  nearly  all  the  cases  of 
"primary"  pernicious  anaemia  in  which  this  clinical  diagnosis 
appeared  justified) ;  (3)  the  fecal  flora  from  persons  showing  slight 
signs  of  intestinal  putrefaction  and  few  or  no  capsulati  in  the 
feces  failed  to  give,  the  characteristic  active  fermentation  of  milk. 
These  results,  however,  which  differentiate  between  the  action 
of  bacterial  suspensions  containing  few  capsulati  and  those 
containing  many,  are  obtainable  only  by  inoculating  the  fer- 
mentation tubes  with  small  qtiantities  of  the  suspension.  If  one 
inoculates  large  quantities  of  the  suspensions  the  number  of  cap- 
sulati contained  in  the  normal  material  will  sometimes  be  suffi- 
cient to  induce  the  typical  change  in  milk  in  the  course  of 
twenty-four  hours. 

BACTERIOLOGICAL  OBSERVATIONS 

(In  Conjtmction  with  Herbert  C.  Ward.) 

The  necessity  of  obtaining  definite  knowledge  of  the  bacterial 
inhabitants  of  the  digestive  tract,  in  conditions  attended  by  evi- 
dence of  excessive  putrefaction  within  this  tract,  is  self-evident. 
In  the  case  of  our  group  of  anaemias  this  necessity  was  further 
emphasized  by  the  frequent  recurrence,  within  the  group,  of  a 
phenomenon,  calling  for  a  bacteriological  explanation — the 
phenomenon,  already  described,  of  small  gas  production  in  sugar 
bouillon.  The  problems  relating  to  the  bacterial  flora  of  the 
intestine  are  so  beset  with  technical  difficulties  and  diffictilties 
of  interpretation  that  even  their  proximate  solution  (in  the 
sense  in  which  any  life-phenomena  are  soluble  by  scientific 
methods)  is  a  task  of  the  not  very  near  future.  What  we  have 
to  offer  on  the  subject  of  the  bacteriology  of  the  intestine  in 
anaemia- is  put  forward  with  a  realization  of  its  inadequacy,  but  in 
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the  belief  that  facts  thtis  far  collected  represent  a  necessary  step 
in  progress. 

There  are  several  methods  by  which  we  have  sought  to  obtain 
knowledge  of  the  bacterial  conditions  in  the  intestinal  passages 
of  persons  with  apparently  primary,  profotind  anaemia,  in  the 
hope  of  finding  in  these  conditions  something  to  accotmt  for  the 
evidences  of  putrefactive  decomposition  and  of  restricted  fer- 
mentation, which  we  have  found  to  characterize  these  cases. 
There  are  three  general  methods  of  approach  from  which,  up  to 
the  present  time,  we  have  had  the  most  encouragement.  These 
are:  (i)  the  microscopical  study  of  the  Gram-stained  fecal  fields; 
(2)  the  microscopical  study  of  the  fermentation-tube  sediments  • 
derived  by  inoculating  certain  media  with  the  mixed  fecal 
bacteria;  and  (3)  the  study  of  the  bacteria  cultivated  under  strict 
anaerobic  conditions  from  fecal  suspensions  subjected  to  pas- 
teurization. These  methods  and  their  results  will  be  separately 
described  and  their  relation  to  each  other  will  be  considered. 

Study  of  the  Gram^stained  Fecal  Fields. 

The  microscopical  examination  of  the  Gram-stained  fecal  fields 
(cotmterstained  with  saff ranin  or  carbol-fucfisin)  has  proved  in 
several  respects  a  serviceable  method.  It  enables  the  observer 
to  roughly  classify  the  bacteria  of  a  given  field  as  strongly 
positive,  positive,  mixed,  negative  or  strongly  negative.  This  is 
a  real  gain,  since  it  gives  at  once  a  clue  to  the  relative  importance 
of  organisms  of  the  colon  bacillus  type — a  feature  which,  as  will 
later  be  made  evident,  is  of  prime  importance.  The  recognition 
of  the  dominant  bacterial  types  is  much  facilitated  by  this  study, 
for  it  usually  enables  the  practised  observer  to  distinguish  with 
a  serviceable  degree  of  accuracy  organisms  of  the  following 
types:  B.  coli,  B.  pyocyaneus,  B.  aerogenes  capsulatus,  B. 
bifidus,  various  diplococci  and  staphylococci,  yeast  organisms, 
etc.  The  presence  of  spore-bearing  organisms  and  of  free  spores 
can  also  be  made  out.  The  presence  of  capsules  can  also  be 
made  apparent  in  some  instances. 

In  the  following  tables  are  recorded  some  features  of  typical 
fecal  fields  from  a  group  of  anaemia  patients  and  from  a  group  of 
"normal"  persons,  chosen  almost  at  random. 

The  features  which  find  expression  in  the  tables  are  the  char- 
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acter  of  the  fields  with  respect  to  the  Gram  stain,  the  abundance 
and  state  of  preservation  of  organisms  of  the  B.  coli  type,  the 
presence  of  positive  coccal  forms,  the  presence  of  spore-bearing, 
capsulatus-like  bacilli,  ^  and  the  presence  of  oval  spores,  such  as 
are  under  some  conditions  formed  by  B.  Welchii.  Other  bacte- 
rial characters  of  the  fields  have  been  for  the  time  being  ignored. 
The  above  characteristics  of  the  fields  were  selected  for  the 
following  reasons.  It  had  been  noted  that  in  certain  cases  the 
fecal  flora  are  unable  to  ferment  sugar  bouillon  with  full  gas 
production.  As  gas  production  in  fermentation  tubes  inoculated 
with  normal  adult  feces  appears  tobe mainly  due  to  organisms  of  B . 
coli  and  B.  lactis  aerogenes  type  (B.  Welchii  not  growing  readily 
even  in  the  anaerobic  limb  of  the  tube,  on  sugar  bouillon  with- 
out blood  or  animal  tissues)  the  character  of  the  fields  with  regard 
to  B.  coli  became  a  question  of  interest.  Negative  fields  with  an 
abtmdance  of  well-preserved  organisms  of  B.  coli  type  one  would 
expect  to  see  in  those  feces  that  give  an  abundance  of  gas; 
positive  fields  with  relatively  few  coli  forms  in  a  poor  state  of 
preservation  one  would  expect  to  find  associated  with  deficient 
gas  production  on  sugar  bouillon.  Both  these  relations  have 
been  fotmd  to  hold  true  in  general.  Attention  was  called  to 
the  importance  of  positive  cocci  by  observation  on  the  sediments 
of  fermentation  tubes  in  which  both  cocci  and  B.  coli  had  been 
grown.  The  cocci  cleariy  tend  to  retard  the  gas-producing  action 
of  B.  coli  on  sugar  bouillon.  This  is  a  result  in  harmony  with 
the  similar  observations  lately  made  by  Heinemann  ^  in  another 
connection.  The  reason  for  paying  special  attention  to  the 
frequency  of  organisms  of  the  B.  Welchii  type  is  that  on  beginning 
the  study  of  the  strict  anaerobes  from  an  anaemia  patient  con- 
jointly studied  with  Professor  Theobald  Smith,  it  was  found 
that    there  occurred  regularly    on  the  blood-agar  plates  large 

*  I  have  come  to  believe  that  these  Gram-positive,  spore-holding  bacilli , 
which  are  morphologically  indistinguishable  from  B.  aerogenes  capsulatus 
do  not  as  a  rule  belong  to  this  class  but  to  a  group  of  aerobic  and 
physiologically  very  different  class  of  organisms.  The  reasons  for  this 
opinion  will  appear  later. 

2  *•  The  Significance  of  Streptococci  in  Milk,"  Journ.  of  Infect.  Dis.,  iii, 
p.  173,  1906.  It  is  here  pointed  out  that  B.  aerogenes  var.  lacticus 
is  held  in  check  and  ultimately  stopped  by  the  presence  and  ascendency 
of  streptococcus  lacticus. 
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numbers  of  this  organism  and  extremely  few  other  strict 
anaerobes  of  the  spore-fonning  class.  ^  It  was  shown  by 
Hirshbei^^  in  Professor  Welch's  laboratory  that  B.  aerogenes 
capsulatus  is  a  very  frequent  inhabitant  of  the  intestinal  tract 
of  man  and  other  animals^  and  it  had  been  shown  by  Welch*, 
Howard,^  and  others,  that  local  lesions  of  the  gastro-enteric  tract 
occur  which  are  attributable  to  this  organism.  It  therefore 
appeared  desirable  to  inquire  more  closely  than  had  been  done 
into  the  occurrence  of  B.  Welchii  in  the  intestinal  contents  in 
health  and  disease.  There  soon  appeared  indications  that  there 
are  numerous  instances  in  which  B.  Welchii  is  very  abundant 
(as  compared  with  its  occurrence  in  normal  individuals)  in  the 
feces.  The  study  of  the  question  from  the  standpoint  of  its 
occurrence  in  persons  with  advanced  apparently  primary 
anaemias  assumed  increasing  interest  and  the  results  on  the 
fecal  fields  thus  far  noted  are  embodied  in  the  table. 

If  we  compare  the  table  of  normals  with  that  of  the  anaemias 
the  following  differences  may  be  noted:  (i)  the  tendency  of  the 
normal  fields  is  toward  Gram-negativeness  while  that  of  the 
anaemia  fields  is  toward  Gram-positiveness;  (2)  the  representation 
and  preservation  of  B.  coli  are  poor  in  most  of  the  anaemia  fields 
as  compared  with  the  representation  of  this  group  in  the  normal 
fields^;  (3)  positive  coccal  forms  are  distinctly  more  abundant 
in  the  anaemia  group  than  in  the  normals  (in  one  of  the  cases 
[VII,  March  15]  positive  diplococci  were  extremely  abundant 

»  Ovir  attention  was  originally  and  previously  directed  to  B.  putrificus 
(Bienstock)  as  a  cause  of  excessive  intestinal  putrefaction,  but  this  line 
was  abandoned  because  it  appeared  unpromising. 

^  "Distribution  of  Bacillus  Aerogenes  Capsulatus  (Bacillus  Welchii, 
Migula),"  Journ.Bost.  Soc.  for  Med.  Set.,  v,  p.  369,  1900-1901. 

» We  have  found  that  the  feces  of  tigers  may  consist  almost 
wholly  of  free  spores  at  least  a  portion  of  which  develop  into  the  vege- 
tative form  of  B.  aerogenes  capsulatus. 

*  Bull.  Johns  Hopkins  Hosp.,  Sept.,  1900. 

*  Contributions  to  the  Science  of  Medicine  Dedicated  by  his  Pupils  to 
William  Henry  Welch,  Baltimore,  1900,  p.  461. 

*  It  is  often  difficult  to  form  a  positive  judgment  from  the  microscopical 
appearances  as  to  the  condition  of  B.  coli  in  the  fields,  but  with  practice 
it  becomes  possible  to  predict  in  many  instances  the  behavior  on  culture 
media. 
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and  made  up  the  dominant  bacterial  type) ;  (4)  bacilli  of  the  type 
of  B.  Welchii  are  distinctly  more  abundant  in  the  anaemia  fields 
than  in  the  normal  ones,  the  diflEerence  in  this  respect  between 
the  two  sets  of  cases  being  pronounced;  (5)  spore-bearing  organ- 
isms of  the  capsulatus  type  were  rarely  seen  in  the  normal  fields 
and  were  not  a  feature  in  the  anaemia  cases,  although  in  three 
instances  (Cases  I,  V,  and  X)  they  were  present;  (6)  free  oval 
spores,  suggesting  capsulatus  spores,  were  not  usually  abundant 
either  in  the  normal  cases  or  in  the  anaemias,  but  in  three  of  the 
latter  cases  (Cases  I,  V,  and  X,  the  cases  showing  spore-holding 
bacilli)  they  were  munerous  and  often  were  seen  in  clumps  and 
chains. 

It  is  especially  important  to  note  that  there  are  four  instances 
(Cases  VII,  X,  XV,  and  XVI)  in  which  the  fields  showed  an 
abundance  of  B.  aerogenes  capsulatus  when  the  patients  first 
came  tmder  observation  and  that  at  a  later  period,  after  treat- 
ment was  begun,  there  was  in  these  same  cases  a  noteworthy 
falling  off  in  their  number.  At  the  same  time  there  was  noted 
in  three  of  these  instanced  an  opposite  change,  i.e.,  an  increase, 
in  regard  to  negative  bacteria  of  the  B.  coli  type.  The  observa- 
tions included  in  the  table  which  illustrate  the  alterations  in  the 
bacterial  flora  are   in   harmony  with   observations   on   other 

material  from  the  same  cases  which  have  not  been  included  in  the 
table. 

It  is  desirable  to  state  what  is  meant  when  speaking  of  the 
'capsulatus  type"  in  the  fecal  fields.  The  term  is  used  to  refer 
to  rather  large,  plump,  Gram-positive  bacilli,  usually  with 
slightly  rounded  free  ends  and  square-cut  opposed  ends,  sometimes 
showing  capsules — organisms  morphologically  typical  of  B. 
Welchii.  They  frequently  occur  in  pairs,  end  to  end.  More 
frequently  they  occur  singly.  Occasionally  they  appear  as  long 
threads.  The  term  is  here  further  used  to  include  bacilli  some- 
what smaller  and  thinner  than  the  typical  B.  Welchii,  but 
having  in  other  respects  the  same  morphological  characters  and 
the  same  staining  properties.  These  latter  organisms,  which 
are  sometimes  numerous  in  the  fields,  are  included  in  the 
''capsulatus  type"  because  it  is  known  that  under  certain 
conditions  the  true  Bacillus  aerogenes  capsulatus  assumes  these 
characters  and  because  our  more  detailed  studies  of   colonies 
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of  this  sort  have  shown  them  to  be  abtindant  gas  producers  and 
otherwise  to  conform  to  the  characters  of  B.  aerogenes  capsulatus. 
There  is,  however,  another  Gram-positive  organism,  smaller  than 
that  just  mentioned,  and  uncapsulated,  which  is  less  strictly 
anaerobic  than  B.  Welqhii  and  makes  little  or  no  gas,  which  must 
be  carefully  distinguished  from  the  "capsulatus  type."  It  has 
not  yet  been  fully  studied  by  us,  but  probably  corresponds 
to  the  plain  forms  of  Tissier's  B.  bifidus.  Furthermore  it  seems 
wise  at  present  to  speak  of  the  capsulatus  type,  in  referring  to 
the  fecal  fields  because  there  is  reason  to  believe  that  there  are 
sub-varieties  of  Welch's  gas  bacillus,  sub-varieties  based  mainly 
on  differences  respecting  the  difficulty  of  sporulation,  upon  patho- 
genic qualities,  haemolytic  properties,  indol  production,  rapidity 
of  gas  production  in  animals,  etc. 

Finally  it  must  be  stated  that  there  is  sometimes  fotmd  in  the 
feces  an  organism  morphologically  so  similar  to  the  true  B.  aero- 
genes capsulatus  as  to  be  indistinguishable  from  it.^     It  is  evident 

*  The  pseudo  aerogenes  organism  which  is  here  in  question  possessed  the 
following  characters  in  a  case  where  it  had  been  isolated  from  the  feces 
of  a  person  suffering  from  excessive  intestinal  putrefaction.  The  organ- 
ism did  not  differ  in  any  appreciable  way  in  size  or  morphology  from 
typical  B.  aerogenes  capsulatus.  It  was  Gram-positive  and  proved  to  be 
a  facultative  anaerobe  capable  of  abtmdant  growth  aerobically  in  peptone 
bouillon.  On  ordinary  fluid  media,  it  formed  a  pellicle  on  the  surface 
which  after  a  time  fell  to  the  bottom.  It  was  found  to  sporulate  readily 
after  a  few  days'  growth  on  agar.  It  was  sluggishly  motile.  The  organ- 
ism produced  no  gas  on  dextrose,  levulose,  lactose,  or  saccharose  bouillon. 
It  grew  luxuriantly  on  agar  slants  and  plates  forming  a  dense,  opaque, 
white,  dry,  and  wrinkled  surface.  It  produced  acid  on  dextrose  and  sac- 
charose. On  peptone  bouillon  it  produced  neither  hydrogen  sulphide  nor 
mercaptan  nor  indol  nor  skatol.  It  produced  volatile  fatty  acids,  appar- 
ently chiefly  butyric  acid,  after  several  days*  growth  on  peptone  bouillon. 
It  also  produced  ammonia.  Two  cubic  centimeters  of  the  bouillon  culture 
ineculated  into  the  femoral  vein  of  a  rabbit  produced  no  gas  and  failed 
to  give  rise  to  the  very  characteristic  decomposition  induced  by  B.  aero- 
genes capsulatus.  In  this  experiment  the  organism  in  a  state  of  involu- 
tion was  found  in  moderate  numbers  in  the  spleen  but  it  had  failed  to 
grow  in  the  liver.  Two  cubic  centimeters  of  the  bouillon  culture  injected 
intraperitoneally  into  a  guinea-pig  gave  rise  to  no  symptoms.  The  organ- 
isms had  no  hemolytic  action  upon  blood  nor  did  they  show  any  capacity 
to  reduce  haemoglobin.  The  spores  formed  by  this  aerobic  organism  were 
oval  and  were  located  midway  between  the  middle  and  end  of  the  bacillus. 
No  capsule  was  observed  when  the  organism  was  grown  on  ordinary  media. 
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from  this  fact  that  we  cannot  safely  rely  upon  the  appearance 
of  the  Gram-stained  fecal  fields  as  a  certain  index  of  the  presence 
of  B.  aerogenes,  although  it  appears  probable  that  in  most  cases 
in  which  the  feces  show  an  abundance  of  bacilli  suggesting  this 
organism  the  true  B.  aerogenes  capsulatus  is  in  reality  present 
in  numbers  pointing  to  an  un  physio  logical  condition  of  the 
bacterial  flora. 

The  Growth  of  Micro-organistfis  of  Capsulatus  Type  on  Sugar- 
Bbod-Agar  Plates  under  Anaerobic  Cotidiiions. 

Perhaps  the  most  satisfactory  method  of  determining  the  pres- 
ence of  organisms  of  the  capsulatus  type  in  the  feces  is  that 
which  consists  in  growing  these  organisms  on  sugar-blood- agar 
plates.  This  method  not  merely  gives  evidence  as  to  the  presence 
of  the  bacteria  in  question,  but  can  be  utilized  to  gain  a 
rough  idea  of  the  numbers  present  in  the  feces.  In  the  present 
instance  no  effort  was  made  to  get  an  idea  of  the  actual  numbers 
of  capsulatus  present  in  the  feces,  but  the  suspensions  of  fecal 
material  used  for  inoculating  the  sugar-agar  plates  were  so  em- 
ployed as  to  give  a  fair  basis  for  comparison  of  the  numerical 
results  in  pathological  and  normal  conditions.'  The  results  here 
given  relate  to  the  spores  and  spore-bearing  varieties  of  bacteria 
in  the  feces  and  not  to  vegetative  forms,  for  the  suspensions  con- 
taining the  intestinal  flora  were  subjected  for  twenty  minutes  to 
a  temperatiu'e  of  80°  C.  in  order  to  eliminate  vegetative  forms  of 
bacterial  life.  In  each  case  duplicate  series  of  plates  were  made, 
one  series  being  incubated  under  aerobic  conditions,  the  other 
under  anaerobic  conditions.  A  satisfactory  state  of  anaerobiosis 
within  the  plates  was  obtained  with  the  aid  of  a  hydrogen  stream 
from  gas  stored  in  the  compressed  form  in  tanks.  The  pyrogallic 
add  method  of  securing  absorption  of  oxygen  was  employed  as  an 
auxiliary  procedure  to  get  rid  of  the  last  trace  of  oxygen  and  to 
indicate  the  conditions  within  the  bell-jar. 

The  results  obtained  in  this  way  are  given  in  the  accompanying 

■  The  fecal  suspensions  were  made  in  approximate!  v  the  same  way  in  the 
normal  and  pathological  cases,  and  the  inoculation  of  the  agar  plates  was 
made  with  quantities  of  the  fecal  suspension  designed  to  avoid  an  excewive 
number  of  anaerobic  colonies  on  the  plates. 
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tables,  where  the  presence  of  aerobic,  spore-bearing  organism  is 
indicated  in  addition  to  the  presence  of  anaerobes.  This  double 
procedure  is  of  value  because  it  has  occasionally  revealed  the 
presence  of  an  organism  resembling' capsulatus  in  morphology, 
and  which  makes  oval  spores,  but  grows  aerobically  as  well  as 
anaerobically  and  does  not  make  gas  in  the  manner  characteristic 
of  the  true  B.  aerogenes  capsulatus.^ 

Inspection  of  the  tables  shows  clearly  the  difference  in  results 
yielded  by  material  from  normal  persons  as  compared  with  that 
derived  from  our  advanced  anaemias.  The  number  of  organisms 
of  the  capsulatus  type  found  on  the  anaerobic  plates  made  from 
material  from  persons  with  normal  digestion — that  is  with  little 
indication  of  putrefactive  decomposition — is  small  where  such 
organisms  were  found  at  all.  One  of  the  persons  selected  as  a 
control  showed  a  considerable  number  of  capsulatus  colonies 
(about  100  anaerobic  colonies  being  found  on  the  plate)  but  it 
should  be  noted  that  in  this  individual  putrefactive  disturbances 
are  of  frequent  occurrence  and  are  readily  induced  by  slight 
errors  in  diet.  A  considerable  number  of  capsulatus-Uke  organ- 
isms were  observed  on  the  plates  made  from  an  adolescent  patient 
with  advanced  diabetes  and  signs  of  impending  coma.  In  a 
number  of  instances  the  plates  from  the  controls  showed  no 
colonies  suggestive  of  capsulatus.  Plates  made  from  the  anaemia 
cases,  on  the  other  hand,  almost  without  exception  showed  the 
presence  of  capsulatus-like  colonies  and  often  these  were  numerous. 
In  one  of  the  cases  observed  by  us  a  distinct  fall  in  the  number 
of  capsulatus-Uke  organisms  on  the  plates  was  observed  as  the 
patient  convalesced  and  the  same  observation  was  quite  inde- 
pendently made  on  this  patient  by  Professor  Theobald  Smith. 
Unfortunately  the  conditions  did  not  permit  us  to  study  all  our 
cases  in  this  manner  for  in  many  instances  they  came  under 
notice  only  after  treatment  had  been  commenced  and  the  original 
blood  picture  had  been  altered. 

In  conclusion  it  may  be  said  that  the  plate  method  has  con- 
firmed the  observations  already  made  from  the  study  of  the 
Gram-stained  fecal  bacterial  fields,  that  organisms  of  the  capsu- 
latus type  occurred  in  much  greater  abundance  in  the  feces  of 
persons  with  advanced  anaemia  than  in  those  of  normal  persons. 

«The  characters  of  this  organism  are  given  on  page  39,  footnote. 
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differences  in  the  number  of  capsulati  habitually  present  in  the  case 
of  different  individuals.  There  are  some  young  persons  between 
the  ages  of  five  and  twenty  years  from  whom  it  is  either  very 
dif&cult  to  obtain  B.  aerogenes  capsulatus  by  plating  or  whose 
movements  give  no  evidence  whatever  of  its  presence.  If  wepre- 
pare  a.  suspension  of  the  feces  from  such  individuals  by  grinding 
I  gram  of  the  fresh  material  with  9  c.  c.  of  0.85  per  cent,  salt  solu- 
tion and  filtering  through  absorbent  cotton,  we  can  inject  intra^ 
venously  one  or  two  cubic  centimeters  of  this  suspension  into  a 
rabbit  and  then  incubate  the  quickly  killed  rabbit  for  five  hours 
at  37°  C.  without  obtaining  evidence  of  the  abundant  presence  of 
the  gas  bacillus.  On  opening  a  rabbit  which  has  been  thus  in- 
cubated, one  finds  none  of  the  signs  of  the  activity  of  the  gas 
bacillus — no  accumulation  of  gas  Jn  the  liver  or  vessels  or  in  the 
connective  tissues  or  serous  cavities.  Moreover  smears  made  from 
the  liver  blood  or  the  auricular  blood  either  do  not  show  the 
presence  of  capsulatus  at  all  or  these  oi^anisms  are  present  only 
in  small  numbers.  If,  however,  the  foregoing  experiment  be  made 
witli  the  fecal  material  derived  from  a  patient  with  pernicious 
aneemia  or  from  a  person  suffering  from  a  capsulatus  diarrhoea, 
one  generally  gets  an  entirely  different  result.  At  the  end  of  five 
hours  the  liver  is  soft  and  friable,  crepitates  between  the  fingers, 
and  on  section  shows  the  presence  of  many  bubbles  of  gas.  There 
may  also  be  a  small  accumulation  of  gas  in  the  peritoneal  cavity. 
Smears  from  the  hepatic  blood  and  from  the  auricular  blood 
swarm  with  organisms  of  the  capsulatus  type.  The  spleen  also 
contains  such  organisms  in  great  nimibers. 

The  following  protocols  are  instructive  in  this  connection. 

ExPBiiiiiiENT  I.  One  c.c.  ot  a  filtered  fecal  suspension,  from  a  norm^ 
person  16  years  of  age,  almost  free  from  putrefactive  products  in  the 
urine,  was  injected  into  a  rabbit  which  was  immediately  Idlled  by  a  blow 
on  the  neck.  After  five  houis'  incubation,  the  animal  was  examined. 
Abdomen  distended  slightly  from  distension  of  lai^e  intestine;  liver  firm, 
slightly  friable  and  free  from  gas.  A  stained  liver  smear  shows  a  few 
short  bacilli  (not  capsulatus).  Heart's  blood  shows  short  bacilli  in 
abundance,  rarely  a  bacillus  of  capsulatus  type. 

ExpBRiuBNT  1.  Two  c.c.  of  filtered  fecal  suspension  from  a  healthy 
man  (set.  42)  recently  recovered  from  univereal  eczema,  were  injected 
intravenously  into  a  rabbit  which  was  then  promptly  killed  by  a  blow  on 
the  neck.     Animal  incubated  for  5  houre  at  37°C.     On  examination,  no 
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odor  of  butyric  decomposition ;  liver  firm  and  without  gas  bubbles.     Smear 
from  heart's  blood  showed  a  few  bacteria  of  capsulatus  type. 

Experiment  3.  Two  c.c.  of  filtered  fecal  suspension  from  a  healthy 
breast-fed  baby  were  infused  intravenously  into  a  rabbit  which  was  then 
promptly  killed.  Examination  after  5  hours'  incubation  at  37®  C.  reveals 
no  odor  of  butyric  putrefaction  and  liver  is  firm  and  free  from  gas.  Smears 
from  the  heart's  blood  show  it  to  be  free  from  bacteria  of  anv  kind. 

These  experiments  may  be  contrasted  with  the  following: 

Experiment  4.  Two  c.c.  of  filtered  fecal  suspension  from  an  ansmic 
baby  with  irregular  diarrhoea  (Case  XVI  of  tables)  were  infused  intra- 
venously into  a  rabbit  which  was  then  promptly  killed  and  incubated 
jor  5  hours  at  37*0.  On  examination  the  tissues  gave  a  strong  butyric 
acid  odor.  Liver  soft,  friable,  and  filled  with  bubbles  of  gas.  Smears 
from  heart's  blood  show  a  great  abundance  of  bacteria  of  the  capsulatus 
type. 

Experiment  5.  One  c.c.  of  filtered  fecal  suspension  from  a  patient 
with  pernicious  anaemia  (Case  VII  of  tables)  was  infused  intravenously 
into  a  rabbit  which  was  then  incubated  for  5  hours  at  37^  C.  On  examina- 
tion the  abdomen  was  slightly  distended.  Characteristic  butyric  odor. 
Liver  crepitant,  contains  a  few  obvious  gas  bubbles.  Bacilli  of  capsulatus 
type  abundant  in  heart's  blood,  in  almost  pure  culture.  Capsulati  also 
abundant  in  liver. 

Experiment  6.  Two  c.c.  of  filtered  fecal  suspension  from  a  patient 
with  pernicious  anaemia  (Case  I  of  tables)  whose  feces  contained  a  great 
abtmdance  of  free  (capsulatus?)  spores  were  injected  intravenously 
into  a  rabbit  which  was  incubated  at  37®  C.  for  24  hours.  At  autopsy  the 
animal  was  greatly  distended  with  gas,  and  bloody  fluid  was  oozing  freely 
from  nose,  mouth,  etc.  Gas  escaping  from  abdominal  cavity  bums  with 
blue  flame.  Extremely  offensive  odor  of  butyric  decomposition.  Tissues 
in  advanced  state  of  putrefactive  liquefaction.  Blood  from  heart  shows 
bacilli  of  capsulatus  type  to  be  extremely  abundant.  Most  of  these  were 
Gram-positive  and  occurred  characteristically  in  diplobacillus  form,  but 
there  were  also  many  long  threads  which  were  doubtless  capsulati. 
Gram-negative  forms  also  occur  and  of  these  one  variety  was  especially 
prominent.  This  was  a  long  organism  bearing  a  large  spore  near  either 
end.  It  is  probably  to  be  regarded  as  a  young  form  of  capsulattis  about 
to  undergo  division  midway  between  the  spores.  This  organism  was 
Gram-negative. 

The  foregoing  experiments  are  typical  of  a  large  group  and 
show  plainly  enough  the  difference  in  capsulatus  activity  in  the 
case  of  material  derived  from  normal  and  pathological  feces.  It 
appears  to  be  true  that  a  10  per  cent,  suspension  of  feces  does 
not  excite  an  active  formation  of  gas  in  the  liver,  if  the  material 
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Grrassberger  and  Schattenfroh,  whose  granulo-bacillus  saccharo- 
butyricus  immobilis  liquefaciens  was  derived  from  milk  and  is 
regarded  by  Welch,  Kamen,  and  others  as  identical  with  B. 
aerogenes  capsulatus,  found  it  to  be  non-toxic  for  guinea-pigs. 
Kamen  ^  although  unable  to  oktain  powerful  toxins  on  ordinary 
ctilture  media,  regards  B.    aerogenes  capsulatus  as  capable^ 
by  itself,  of  exciting   inflammatory  purulent  processes.    It  is 
certain  that  there  are  various  strains  of  B.  aerogenes  cap- 
sulatus as  regards  pathogenicity  and  that  the  different  results 
obtained  by  different  investigators  with  respect  to  that  feature 
are  due  to  this  fact.    Cultures  of  B.  aerogenes  capsulatus  made 
by  Mr.  Ward  from  the  feces  of  a  yotmg  man  with  dight  digestive 
derangement  and  from  miaterial  derived  from  a  case  of  per- 
nicious anaemia  were  injected  into  the  breast  muscles  of  pigeons 
(according  to  a  suggestion  from  Dr.  Flexner,  wlio  had  found  these 
animals  to  be  especially  susceptible).    The  cultures  set  up  a 
localized  necrotic  inflammation  with  gas  production  in  the  con- 
nective tissues.    Death  occurred,  apparently  from  toxaemia, 
within  twenty-four  hours.    The  application  of  these  facts  to 
capsulatus  infection  of  the  intestine  is  not  now  clear.    It  is  certain 
that  the  pathogenicity  of  B.  aerogenes  capsulatus  is  different  for 
different  strains  isolated  from  the  htunan  digestive  tract.    Thus, 
Professor  Theobald  Smith  sent  us  an  organism  (anaerobe  xxxi) 
which  he  isolated  from  the  stool  of  a  patient  with  pernicious 
anaemia  and  which  proved  to  be  much  less  pathogenic  for  guinea- 
pigs  than  the  typical  form  of  B.  aerogenes  caspulatus.    This 
organism  differed  but  slightly  from  the  typical  bacillus  in  its 
morphology,  but  showed  the  important  peculiarity  of  being  non- 
haemolytic.    It  fermented  the  various  sugars,  but  the  gas  produc- 
tion was  less  abundant  than  in  the  case  of  the  typical  gas  bacillus. 
The  gas  production  and  decomposition  induced  in  an  incubated 
rabbit  were  also  less  pronounced  than  in  the  case  of  the  tjrpical 
B.  aerogenes  capsulatus. 

Agglutination, — ^A  single  observation  was  made  by  Mr,  Ward 
on  the  blood  serum  from  a  patient  with  pernicious  anaemia  (and 
capsulatus  infection  of  the  intestine)  with  respect  to  a  possible 

»  "Zur  Aetiologie  der  Gasphlegmone,**  CentraWL  f.  Bakt,  etc,^  I  Abt., 
Orig.,  XXXV,  No.  6,  pp.,  554,  686.  1904. 
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agglutination  action.  The  results  were  entirely  negative.^  It  is 
interesting  to  note  in  this  connection  that  Kamen^  obtained  no 
agglutinative  action  from  the  serum  of  rabbits  which  had  been 
immunized  with  the  gas  bacillus.  Positive  results  have,  however, 
been  recently  obtained  by  Werner^  who  employed  a  special 
technical  procedure  in  the  immunization  of  the  rabbits  which 
served  as  experimental  animals.  The  immtme  senun  caused 
agglutination  of  the  homologous  gas-phlegmon  bacilli  (derived 
from  a  gas  liver  found  in  a  fatal  case  of  wound  infection)  in  a 
dilution  of  1:1000.  Passini*  obtained  positive  results  in  some 
of  his  cases  not  only  with  homologous  strains  but  also  with 
unrelated  ones.  In  this  case,  however,  the  agglutinative  action 
of  the  immune  serum  was  less  marked  than  in  the  case  of  the 
sera  obtained  by  Werner.  It  is  evident  that  there  is  still  much 
to  be  learned  in  relation  to  the  immunizing  action  of  B.  aerogenes 
capsulatus  and  that  such  an  action  in  man  may  yet  be  discovered. 

Summary  of  the  Leading  Characteristics  of  Micro-organisms  of  the 
B.  Aerogenes  Capsulatus  Type  Derived  from  Human  Feces, 

The  following  is  a  summary  of  the  leading  characteristics  of 
the  micro-organisms  which  have  been  referred  to  in  this  paper 
as  belonging  to  the  B.  aerogenes  capsulatus  "type."  By  no 
means  all  of  these  characteristics  have  been  established  for  the 
suspected  capsulatus  micro-organisms  from  each  case  of  saccharo- 
butyric  putrefaction  which  has  been  studied,  but  a  sufGicient 
number  of  characters  have  been  determined  to  show  that  we  have 
been  dealing  with  bacteria  either  identical  with  those  described 
by  Welch  under  the  name,  B.  aerogenes  capsulatus,  or  so  closely 
affiliated  as  to  fully  justify  us  in  classifying  them  as  examples 
of  this  micro-organism.  The  expression  "capsulatus  type"  is 
used  because  there  are  sub-varieties  of  the  micro-organism 
described  by  Professor  Welch.     The  most  important  sub-variety 

iprof.  Theobald  Smith  tells  me  that  he  obtained  negative  results  in 
agglutinative  tests  made  with  the  blood  of  a  patient  with  pernicious 
anasnua  who  showed  large  numbers  of  B.  aerogenes  capsulatus  in  the 
feces. 

*Loc,  cit. 

»"  Die  Agglutination  bei  Gasphlegmonbacillen,"  Arch.  f.  Hyg.,  liii,  p. 
xa8,  1905. 

*  Munch,  med,  Wochenschr,  li,  p.   1283,  1904. 
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at  present  known  to  us  is  the  one  above  described  as  being  noa- 
hannolytic  in  action  and  less  pathogenic  for  guinea-pigs  than  the 
common  form  of  the  oiganism.  The  capacity  of  the  bacillus  to 
hflsmolyse  or  its  failure  to  do  so  may  prove  to  be  especially 
significant  in  relation  to  the  etiology  of  anaemia. 

The  orgaiiisms  we  have  classed  as  belonging  to  the  B.  aerogenes 
capsulatus  type  are  laige,  plump,  usually  sta^ht  baciUi,  which, 
as  they  occur  in  the  feces,  can  usually  be  shown  to  be  provided 
with  a  capsule.  Oxganisms  which  have  developed  in  a  living 
or  dead  rabbit  always  acquire  capsules.  The  organisms  occur 
Vfry  often  in  pairs,  end  to  end,  sometimes  sii^ly;  sometimes  in 
c^adns;  sometimes  as  threads,  which  may  be  nearly  straight  or 
sharply  bent  on  themselves.  The  ends  of  adjacent  badlU  are 
slightly  rounded  or  squared,  though  not  so  sharply  squared  as 
in  the  case  of  anthrax  bacilli.  They  are  immobile  when  viewed 
in  hanging  drc^.  Spore  fonnation  occurs  with  difficulty;  ije., 
chiefly  under  very  spinal  conditions,  such  as  on  a  medium  con- 
taining blood  serum  or  within  the  body  of  an  animal.  Occa- 
sionally spore  formation  is  seen  in  blood-agar  colonies,  the  badUi 
from  which  in  other  respects  conform  to  the  characters  of  B. 
aerogenes  capsulatus.  On  sugar-bouillon,  gas  fonnation  is 
abundant  and  rapid,  twice  as  much  gas  (or  more)  being  formed 
in  twenty-four  hours  as  is  usually  formed  by  organisms  of  the 
B.  coli  group.  The  gas  consists  of  from  one-third  to  one-half 
carbon  dioxide,  the  remaining  gas  consisting  mainly  of  hydrogen.^ 

iprof.  Theobald  Smith  gives  the  following  gas  formula  for  B.  aerogenes 
capeulatus:    ^-y"! 

The  following  table  illustrates  the  approximate  ratio  of  hydrogen  and 
carbon  dioxide: 


Source  of  Micro-organism 

Medium 

Heiffhtof  Om  Column  in 
Milfimeten  (  ma4  hours) 

H 
CO, 

1.  Youn^  man  with  slight  di- 
gestive derangement 

Milk 
Dextrose- 

bouillon- 

blood. 

• 

87 
7 

f 
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The  gas  production  in  incubated  rabbits  is  very  rapid  and  is 
associated  with  a  characteristic  sweetish,  sickening  odor  of  butyric 
add  mixed  with  some  tmknown  constituent  or  constituents.  The 
gas  obtained  from  the  peritoneal  cavity  and  connective  tissues 
gives  the  hydrogen  **bark"  and  bums  with  a  blue  flame.  The 
liquefaction  of  muscles,  liver,  etc.,  is  remarkably  rapid  in  such 


Source  of  Micro-organism 

Medixim 

« 

Height  of  Gas  Column  in 
Millimeters  (in  24  hotirs) 

H 
CO, 

2.   Same  case  as  No.  i 

Milk 

Dextrose- 
bouillon- 
blood 

75 
80 

♦ 

3.  Pernicious  ansmia 
(Case  IX  of  tables) 

Milk 

Dextrose- 
bouillon- 
blood 

60 
75 

4.  Pernicious  amexnia 
(Case  XII  of  tables) 

Milk 

70 

5.  Pernicious  ansemia 
(Case  VI  of  tables) 

((            It 

Milk 
II 

100 
85 

6.  Pernicious  anaemia 
(Case  VIII  of  tables) 

Milk 

90 

^  % 

7.  Same  case 

Milk 

84 

8.  Aerobic  capsulate  bacillus 

Milk 

87 

9.  Milk  bacillus 

Milk 

90 

10.  Milk  bacillus 
(1         II 

Milk 
II 

85 
85 
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incubated  rabbits.  Grown  on  pasteurized  tnilk,  the  bacteria  in 
question  induce  rapid  gas  formation  ("stonny  fermentation") 
with  disruption  of  curds  into  small  masses.  They  do  not  quickly 
produce  hydrogen  sulphide  or  methyl  mercaptan  on  ordinary 
sugar-free  media  but  may  perhaps  make  these  sulphur  compounds 
more  readily  on  milk.  Grown  in  fomentation  tubes  containing 
blood  bouillon,  they  rapidly  liberate  hemoglobin.^  The  organ- 
isms are  strictly  anaerobic  and  many  of  their  colonies  on  blood 
agar  appe^  after  two  or  three  days  as  minute  points  which  lie 
beneath  the  surface  and  develop  into  fuzzy  spheres.  These 
spherical  colonies  often  have  dark  centres.  The  micro-organisms 
induce  tnflamniatory  necrotic  changes  with  gas  formatwn  when 
injected  into  susceptible  animals,  such  as  pigeons. 

As  first  shown  by  Prot  Theobald  Smith,  B.  aerc^enes  cap- 
sulatus  usually  grows  readily  on  bouillon  in  the  closed  arm  of 
the  fermentation  tube  provided  small  bits  of  sterile,  fresh  tissue 
are  introduced  into  it.  The  Uver  of  the  guinea-pig  may  advan- 
tageously be  used.  The  presenoe  of  the  tissue  probably  favors 
the  growth  in  two  ways:  by  furnishing  a  constituent  of  the 
medium  necessary  for  the  growth  of  the  organism,  and  by  in- 
ducing a  more  strict  condition  of  anaerobiosis  by  the  reducing 
activity  of  the  cells. 

On  the  Signifkattce  of  Excessive  Saccharo-hutyric  or  Capsulatus 
Fermentation  and  Putrefaction  in  the  Human  Intestine. 

Evidence  has  been  advanced  in  the  preceding  p^es  to  show 
that  the  regular  presence  of  B .  aerogenes  capsulatus  (or  organisms 
of  this  type)  in  large  numbers  in  the  intestinal  tract  is  a  charac- 
teristic of  certain  cases  of  advanced  apparently  primary  anemias, 
whereas  in  ideal  conditions  of  human  digestion  it  is  present  in 
small  numbers  only  or  is  not  detectable  by  ordinary  methods. 
It  has  further  been  shown  that  in  the  group  of  anemias  in  ques- 
tion the  representation  of  B.  coli  in  the  feces  has  in  most  instances 
been  unsatisfactory.  We  are  now  in  a  position  to  discuss  the 
biological  meaning  of  this  ovei^rowth  of  organisms  of  the  cap- 
sulatus type  and  subordination  of  the  B,  coU  group. 

1  As  already  noted  in  the  preceding  pages,  there  is  a  non-hsmolytic 
variety  of  B.  aerogenes  capsulatus. 
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If  we  cultivate  B.  aerogenes  capstilattis  on  sugar  botiillon  we 
find  that  it  is  a  large  producer  of  gas  (mainly  hydrogen  and  carbon 
dioxide)  and  that  it  makes  butyric  and  closely  related  acids  in 
abundance,  while  the  formation  of  lactic  acid  is  small.  On  media 
which  contain  very  little  sugar  but  much  proteid,  the  organism 
is  still  able  to  make  gas  in  considerable  amounts,  though  less 
freely  than  on  a  sugar  meditim,  in  which  the  liberation  of  gas 
is  remarkably  rapid.  In  nearly  sugar-free  media  the  gas  bacillus 
produces  butyric  acid  and  the  quantity  of  this  in  old  cultures  may 
be  surprisingly  great.  Anmionia  is  formed  at  the  same  time  and 
serves  to  neutralize  at  least  in  part  the  acid  which  is  simul- 
taneously made.  The  organism  may  apparently  also  produce  a 
large  quantity  of  indol  on  a  suitable  medium.  Thus  in  a  sterilized 
egg-meat  medium  after  a  growth  of  one  month  at  37°  C,  100  c.c. 
of  the  filtered  culture  contained  16  milligrams  of  indol,  but  no 
skatol.^  The  egg  and  meat  had  undergone  gradual  solution  and 
peptonization.  Professor  Theobald  Smith  tells  me  he  regards 
the  absence  of  indol  production  as  characteristic  of  most  strains 
of  B.  Welchii,  although  other  strains  produce  it  (for  example  one 
derived  from  a  rabbit  gave  indol). 

More  important  for  the  pathologist  than  any  of  these  sub- 
stances is  the  formation  of  a  moderately  haemolytic  substance 
or  substances  by  the  gas  bacillus.  Evidence  of  such  substances 
was  obtained  in  a  five-day  culture  of  capsulatus  in  blood  bouillon. 
One-half  of  one  cubic  centimeter  oi  the  filtrate  from  this  culture 
induced  haemolysis  in  a  suspension  of  rabbit's  red  cells  prepared 
by  Ehrlich's  method,  the  filtrate  having  been  carefully  neutralized 
to  the  litmus  point.  The  same  result  was  obtained  in  the  case 
of  red  cells  from  a  large  Rhesus  monkey.  Treatment  of  this 
filtrate  in  an  exhaustion  apparatus  very  slightly  reduced  the 
haemolytic  action;  heating  to  70°  C.  for  one  hour  reduced  it  still 
further;  but  even  boiling  did  not  wholly  destroy  it. 

In  order  to  determine  whether  this  haemolytic  action  was 
dependent  in  part  on  volatile  ammoniimi  compounds,  the  capsu- 
latus filtrate  was  rendered  distinctly  alkaline  with  sodium 
carbonate  and  concentrated  under  reduced  pressure  at  a  low 
temperature  for  the  removal  of  ammonia.     The  filtrate  was  then 

»This  culture  contained  besides  B.  aerogenes  capsulatus  small  numbers 
of  a  diplococcus. 
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restored  to  its  original  volume  hj  the  addition  of  0.85  per  cent. 
salt  solution.  It  was  found  that  the  heemolytic  action  oi  the 
fluid  was  somewhat  diminished  but  not  lost. 

The  luemolysing  action  of  B.  aerogenes  cspsulattu  is  very 
cieariy  shown  in  fermentation  tubes  containing  sugar-blood 
bouillon  which  have  been  inoculated  with  pure  cultures.  A  free 
lfl>eration  of  tuemogloliin  occurs  in  twenty-four  hours  or  less. 
A  similar  result  is  seen  in  the  case  of  an  aerobic  organism  closely 
resembling  B.  aerogenes  capsulatua  in  morphology.  The  bacillus 
ot  malignant  cedema  do^  not  exert  a  luemolysing  action  under 
simtlar  conditions.  B,  putrificns  was  found  to  reduce  hasmo- 
^bin,  but  this  change  is  much  'leas  marked  in  the  case  of  B. 
aerogenes  capsnlatus. 

There  are  other  indications  that  B.  aerogenes  capsulatus  makes 
a  hitmolytic  substance  or  substances.  Rabbits  injected  with 
pure  cultures  of  B.  aerogenes  capsulatus  and  then  incubated  at 
37"  C.  soon  show  indications  of  hERmolysis,  whereas  control 
animals  subjected  to  the  same  procedure  do  not  exhibit  an  equal 
d^ree  of  heemolytic  change  in  the  same  period  of  time.  This 
corresponds  with  the  observation  that  advanced  hemolysis  is 
usually  noted  in  persons  who  at  autopsy  show  signs  of  general 
invasion  of  the  gas  bacillus. 

We  have  then  in  the  gas  bacillus  an  organism  which  gives 
rise  to  a  distinctive  type  of  decomposition,  characterized  by 
abundant  gas  formation,  the  production  of  butyric  acid,  and  the 
formation  of  luemolytic  substances  of  partly  unknown  nature. 
On  many  media  the  organism  produces  a  slightly  sweetish, 
sickening  odor,  which  is  highly  characteristic  and  which  may 
be  intense. 

In  persons  whose  intestinal  contents  hold  the  living  gas  ba- 
cillus in  large  numbers  we  find  definite  evidence  of  the  saccharo- 
butyric  type  of  fermentation,  especially  the  production  of  gas 
in  the  colon  (or  higher  up)  and  the  formation  of  butyric  acid. 
It  has  already  been  pointed  out  that  butyric  or  allied  volatile 
fatty  acids  are  fonned  in  abundance  in  some  cases  of  pernicious 
anaemia  in  which  flatulence  is  also  common.  This  saccharo* 
butyric  type  of  fermentation  may  probably  persist,  associated 
with  notable  flatulence,  for  many  years  without  the  development 
of  a  marked   anxmia.    When   dependent    on  B.   aerogenes 
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capsulatus,  the  flatus 'may  have  the  peculiar  sickening,  sweetish 
odor  which  I  have  just  mentioned  or  a  garUc-like  odor  noted  in 
certain  cultures  of  capsulatus. 

It  is  not  yet  clear  whether  the  organism  makes  a  substance 
capable  of  exciting  an  acute  inflammation  of  the  ileum  or  colon 
or  whether  preceding  mechanical  or  chemical  irritation  is  neces- 
sary to  enable  the  organism  to  multiply  rapidly  and  excite 
further  inflammation.  Healthy  monkeys  may  be  fed  consider- 
able numbers  of  capsulati  without  developing  signs  of  inflamma- 
tion in  the  intestine,  although  such  feeding  is  followed  by  an 
increase  in  these  organisms  in  the  feces.  Two  monkeys  fed  on 
gas  livers  from  incubated  rabbits  infused  with  pure  cultures  of 
B.  aerogenes  capsulatus  developed  soft  stools  temporarily. 
Such  experiments  are,  however,  quite  different  from  the  experi- 
ment of  introducing  capsulati  into  a  digestive  tract  already 
somewhat  inflamed  and  irritable  in  consequence  of  preceding 
infections.  The  ability  of  B.  aerogenes  capsulatus  to  cause  an 
inflammatory  necrotic  process  in  the  muscles  of  guinea-pigs  and 
pigeons,  which  was  noted  by  Dr.  Flexner  many  years  ago,  is  of 
interest  in  this  relation.  It  appears  probable  that  B.  aerogenes 
capsulatus  is  often  the  cause  of  slight  inflammatory  or  perhaps 
even  necrotic  changes  in  the  mucous  membrane  of  the  intestine. 
Howard^  has  described  instances?  of  superficial  necrosis  of  the 
mucous  membrane  of  the  stomach  and  intestine,  associated  with 
the  presence  of  capsulatus  in  abimdance  These  necrotic  areas 
most  often  Ue  beneath  the  folds  of  the  valvulae  conniventes  and 
may  occur  with  gas  cysts.  It  does  not  seem  likely  that  B. 
aerogenes  capsulatus  is  responsible  for  severe  acute  inflammatory 
lesions  of  the  intestine,  but  it  is  probable  that  its  activities  will 
account  for  the  subacute  enteritis  that  is  so  often  present  in 
cases  that  show  laige  numbers  of  the  bacilli  in  the  stools.  It  is 
certain  that  there  are  many  instances  of  acute  diarrhoea  as- 
sociated with  very  free  capsulatus  multiplication  and  such 
diarrhoeas  are  common  in  persons  with  severe  primary  anaemia. 
In  one  of  our  cases  the  disease  set  in  soon  after  a  period  of 
intestinal  diarrhoea   contracted  during   the  summer,  and  this 

» Contributions  to  the  Science  of  Medicine,  Dedicated  by  his  Pupils  to 
William  Henry  Welch  on  the  2jth  Anniversary  of  his  Doctorate,  Baltimore, 
1900,  p.  461. 
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diarrhoea  has  been  etiologically  connected  with  the  capsulatus 
infection. 

The  saccharo-but3nric  putrefactive  process  in  the  intestine, 
when  active,  is  associated  with  an  abundant  liberation  of  gas, 
consisting  largely  of  hydrogen.  It  therefore  appears  safe  to 
attribute  to  B.  aerogenes  capsulatus  much  of  the  intestinal 
flatulence  which  is  noted  in  persons  suflfering  from  digestive 
derangements  characterized  by  the  presence  of  capsulatus  in 
great  abundance.  A  breast-fed  child  fin  the  case  of  Dr.  Holt), 
suffering  from  chronic  capsulatus  diarrhoea,  was  greatly  troubled 
by  flatulence  until  it  received  a  milk  containing  less  sugar. 
The  ability  of  capsulatus  to  liberate  hydrogen,  even  on  media 
containing  little  carbohydrate  material  is  one  evidence  of  excep- 
tional reducing  power  and  I  am  disposed  to  connect  this  reducing 
power  with  an  important  though  somewhat  obscure  characteristic 
of  the  feces  in  advancd  anaemias. 

It  has  already  been  noted  that  among  our  cases  of  anaemia 
there  were  few  which  did  not  give  a  strong  mercuric  chloride 
reaction  in  the  feces,  a  reaction  attributable  to  hydrobilirubin. 
As  I  have  met  with  the  strongest  bichloride  reactions  in  cases 
where  capsulatus  was  very  abtmdant  in  the  feces,  I  am  inclined 
to  believe  the  reduction  of  bilirubin  to  hydrobilirubin  is  effected 
in  these  cases  with  the  help  of  capsulatus.  It  has  not  yet  been 
possible,  however,  to  induce  the  reduction  of  bilirubin  to  hydro- 
biUrubin  experimentally  by  means  of  capsulatus  activity, 
possibly  because  this  reduction  requires  a  symbiotic  action  not 
yet  reproduced.  ^ 

The  fecal  extracts  obtained  from  many  persons  with  "primary" 
pernicious  anaemia  or  with  certain  chronic  intestinal  derange- 
ments may  exhibit  distinct  haemolytic  action  toward  the  red 
cells  of  rabbits  and  monkeys,  and  in  some  cases  this  action  is 
pronounced. 2  On  the  contTSLvy  the  fecal  extracts  from  healthy 
children  on  mixed  diet  may  exhibit  no  appreciable  haemolytic 
action.     The  cause  of  the  haemolytic  action  just   mentioned  is 

«  Probably  two  factors  are  necessary  to  secure  a  highly  excessive 
hydrobilirubin  reaction :  (a)  excess  of  bilirubin  in  the  bile,  (b)  excessive 
reducing  action  of  bacteria  in  the  intestine. 

a  In  cases  where  the  fecal  extracts  are  deeply  colored  it  is  difficult  to 
judge  accurately  of  the  ha?molytic  action. 
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not  yet  clear.  Indol  may  be  present  in  considerable  quantities 
in  the  intestine  and  its  solutions  exhibit  a  slight  haemolytic 
action  for  rabbits.  Ammonium  compounds  are  also  frequently 
present  in  moderate  amounts,  and  it  is  well  known  that  such 
compounds  have  haemolytic  properties.  In  saccharo-butyric 
putrefaction  ammonium  butyrate  may  perhaps  be  formed  in 
sufficient  amount  to  cause  some  haemolysis  within  the  intestinal 
capillaries,  and  to  contribute  to  the  haemolytic  action  of  the 
fecal  extracts.  But  it  is  also  possible  that,  as  already  stated,  B. 
aerogenes  capsulatus  forms  some  complex  oi^ganic  haemolytic 
substance.  Much  more  careful  investigation  of  this  point  is 
necessary  before  drawing  any  conclusions  as  to  its  possible 
pathological  significance. 

The  relation  of  capsulatus  to  the  formation  of  indol  in  the 
intestine  is  not  clear.  Ordinarily  the  oi^ganism  appears  not  to  be 
an  indol  producer.  In  some  of  the  anaemia  cases,  indol  formation 
in  the  intestines  has  not  been  a  marked  feature  although  capsu- 
latus was  abundant.  In  other  cases  large  amounts  of  indol  have 
been  formed.  In  such  instances  we  may  either  have  to  do  with 
a  strain  of  capstilatus  which  is  a  good  indol  maker  or  with  the 
symbiotic  action  of  capsulatus  and  B.  coli  or  some  other  intes- 
tinal micro-oi^ganism.  I  am  inclined  to  believe  that  other 
bacteria  than  B.  aerogenes  capsulatus  are  generally  concerned 
in  putrefaction  when'  indol  formation  is  lai:ge  in  the  gut. 

We  may  consider  now  some  of  the  conditions  of  the  intestinal 
tract  in  which  B.  aerogenes  capsulatus  is  present  in  excessive 
numbers  and  exerts  pathological  effects. 

Even  in  early  life  the  intestinal  tract  is  not  rarely  the  seat  of 
capsulatus  infection.  Careless  feeding  apparently  offers  the  con- 
ditions favorable  for  the  temporary  establishment  of  the  organism, 
which  manifests  itself  in  irr^ularities  of  the  bowels,  diarrhoea, 
movements  showing  saccharo-butyric  putrefaction,  and  ulti- 
mately anaemia.  In  Case  XIV  we  have  an  example  of  capsulatus 
infection  in  a  young  child  fed  on  cow's  milk  in  which  a 
severe  form  of  anaemia  was  developed  in  the  course  of  a  few 
months.  Tissier  ^  has  described  an  intestinal  infection  in  breast- 
fed and  bottle-fed  children,  which  occurs  especially  in  warm 

»  Ann.  de  VInsU  Pasteur,  xix,  p.  273,  1905. 
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weather.  The  disease  is  attributed  by  him  to  the  oiganism 
known  to  the  French  as  B.  perfringens.  It  appears,  however, 
that  B.  perfringens  is  identical  with  B.  aerogenes  capsulatus. 
It  appears  highly  probable  that  the  diarrhoeas  of  some  breast-fed 
infants  are  to  be  referred  to  capsulatus  infection. 

From  normal  infancy  and  child-life  to  the  time  of  adolescence 
the  movements  are  remarkably  free  from  B.  aerogenes  capsulattts. 
They  can  generally  be  isolated  even  from  such  material,  but  only 
in  such  small  numbers  as  to  be  probably  insignificant  physiologi- 
cally and  pathologically.^ 

In  this  connection  it  should  not  be  forgotten  that  Klein 
isolated  from  the  feces  in  an  outbreak  of  diarrhoea  an  oxganism 
which  very  probably  is  identical  with  B.  aerogenes  capsulatus. 
This  organism  was  given  the  name  B.  enteritidis  sporogenes. 
The  position  of  the  organism  described  by  Klein  is  open  to  some 
suspicion  because  while  it  is  stated  by  him  to  produce  gas  and 
butyric  acid  in  the  very  characteristic  manner  observed  by 
Welch  and  Nuttall  for  B.  aerogenes  capsulatus  it  differs  from 
the  latter  in  having  motility  and  apparently  in  sporulating 
much  more  readily.  Cultures  sent  by  Dr.  Klein  to  Professor  Welch 
contained  bacilli  which  agreed  in  every  detail  with  pure  cultures 
of  B.  aerogenes  capsulatus.^  As,  however,  the  feces  sometimes 
contain  bacteria  having  the  morphology  of  B.  aerogenes  cap- 
sulatus but  differing  from  this  organism  in  forming  spores  much 
more  readily  it  is  possible  that  Klein  was  in  reality  dealing  with 
impure  cultures  of  B.  aerogenes  capsulatus. 

In  early  adult  life  B.  aerogenes  capsulatus  is  often  present  in  the 
intestine  in  considerable  numbers,  even  when  health  is  apparently 
good.  I  have  not,  however,  observed  any  instances  in  which  it  was 
very  prominent  among  the  fecal  bacteria  without  some  signs  of  in- 
testinal disturbance,  with  evidence  of  excessive  intestinal  putrefac- 
tion or  more  obvious  symptoms,  such  as  diarrhoea  and  flatulence.^ 

1  Hirshberg,  working  with  Professor  Welch,  found  the  organisms  to  be 
widely  distributed  in  the  intestines  of  animals. 

2  See  Manual  of  Bacteriology  by  Muir  and  Ritchie,  American  Edition, 

1904,  p.  354. 

^  In  one  instance  which  has  come  under  observation  the  feces  contained 
abundantly  an  organism  appearing  to  be  B.  aerogenes  capsulatus,  although 
the  subject  was  not  ill  in  any  ordinary  sense.     The  subject  was  a  woman 
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There  are  many  persons  who  have  from  time  to  time  slight  diar- 
rhoeal  disorder  associated  with  a  great  temporary  abundance  of  B. 
aerogenes  capsulatus  and  streptococci  in  the  stools,  but  who  keep 
in  fair  health  for  years  in  spite  of  these  recurrent  seizures.  These 
persons  are  apt  to  develop  a  moderate  grade  of  anaemia  and  an 
intolerance  for  vegetable  acids  and  carbohydrates.  The  intoler- 
ance for  carbohydrates  is  probably  connected  with  the  presence 
of  capsulatus  in  the  small  intestine.  We  know  that  this  organism 
grows  readily  on  carbohydrate  media  and  it  is  likely  that  it 
multiplies,  in  many  persons,  in  the  small  intestine,  where  carbo- 
hydrates have  been  freely  eaten.  The  descent  of  the  organism 
to  the  colon  in  large  ntmibers  is  followed  by  active  saccharo- 
butyric  putrefaction  and  its  consequences.  I  have  noticed  cap- 
sulatus growing  in  long  threads  in  the  feces  of  a  person  who 
had  diarrhoea  following  an  excessive  carbohydrate  meal.  This 
thread-Uke  development  may  also  be  observed  in  the  livers  of 
dead  rabbits  which  have  been  incubated  after  intravenous 
infusion  of  capsulatus.  In  both  cases  the  thread-form  is  attri- 
butable to  an  abimdance  of  carbohydrate  pabulum. 

It  is  highly  probable  that  there  are  few  persons  who  do  not 
from  time  to  time  suffer  intestinal  derangements  connected  with 
over-multiplication  of  organisms  of  the  capsulatus  type  and  that 
normal  bacterial  conditions  are  in  most  cases  quickly  re-estab- 
lished, after  the  subsidence  of  these  seizures.  But  there  may 
also  come  a  time  in  the  life-history  of  an  individual  who  has  had 
these  seizures  repeatedly  when  the  capsulatus  organism  fixes 
itself  persistently  in  the  intestinal  tract  and  assumes  a  pseudo- 
parasitic  instead  of  a  saprophytic  relation  to  the  host.  The 
capsulatus  organism  is  then  found  to  be  abtindantly  and  regu- 
larly present  in  the  movements.     Coincidently  there  is  a  decline 

eighty-five  years  of  age  in  a  remarkably  good  state  of  preservation. 
She  was  distinctly  feeble  and  felt  herself  growing  gradually  feebler,  but 
was  only  moderately  anaemic.  In  this  case  there  was  an  inclination  to 
constipation  and  the  urine  and  feces  were  uncommonly  free  from  putre- 
factive products.  It  should  be  noted,  however,  that  this  comparatively 
good  condition  was  maintained  only  by  the  utmost  moderation  in  diet, 
the  avoidance  of  sweets,  highly  seasoned  food,  etc.  Slight  indiscretions 
were  regularly  followed  by  diarrhoea  and  prostration.  Micro-organisms 
of  the  B.  coli  type  were  abtmdant  and  well  preserved  in  the  fecal  field,  and 
gas  production  was  moderate  on  the  part  of  the  fecal  flora. 
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in  the  general  health — often  a  very  slow  decline — characterized 
by  loss  of  strength,  slight  anaemia  and  often,  though  not  neces- 
sarily, loss  in  weight.  Evidences  of  excessive  putrefaction  are 
commonly,  though  not  invariably  associated  with  this  slow 
decline  in  physical  status — a  decline  which  at  this  period  of  the 
process  may  be  temporarily  or  indefinitely  checked  by  suitable 
measures.  In  more  extreme  instances  the  process  of  capsulatus 
decomposition  within  the  intestine  attains  a  high  degree 
of  intensity,  partly  on  account  of  the  large  numbers  of  the 
organism,  partly,  perhaps,  owing  to  the  development  (or  original 
possession)  of  more  than  -usually  marked  pathogenic  properties 
on  the  part  of  the  micro-organism,  partly,  perhaps,  because  a  large 
'tract  of  the  intestine  is  implicated.^  These  extreme  instances 
are  marked  by  the  development  of  a  high  grade  of  anaemia.  In- 
dications are  not  wanting  that  quantitative  alterations  in  the 
blood  are  present,  often  for  a  long  time  before  the  haemoglobin 
falls  greatly  or  the  red  cells  are  much  reduced  in  numbers. 
Ultimately  there  develops  the  blood  picture  of  a  severe  secondary 
anaemia  or  the  picture  of  pernicious  anaemia. 

In  those  cases  where  the  feces  contain  regularly  very  large 
ntmibers  of  B.  aerogenes  capsulatus  and  faw  living  organisms  of 
the  B.  coli  type,  it  is  not  yet  clear  which  is  the  order  of  events 
in  the  establishment  of  this  abnormal  relationship — whether  the 
elimination  of  B.  coli  tends  to  overgrowth  of  the  gas  bacillus  or 
whether  a  great  increase  in  the  gas  bacilli  leads  to  the  suppression 
of  the  colon  bacillus.  It  seems  probable  that  the  dominance  of 
the  one  type  necessitates  conditions  which  favor  the  restriction 
of  the  other.  For  the  strictly  anaerobic  condition  which  is  neces- 
sary to  the  growth  of  the  gas  bacillus  is  in  itself  inimical  to  the 
best  development  of  B.  coli.  On  the  other  hand  B.  coli  thrives 
under  fairly  aerobic  conditions  which  in  themselves  quite  check 
the  gas  bacillus,  although  it  is  conceivable  that  under  some 
circumstances  B.  coli  may  favor  the  growth  of  the  gas  bacillus 

by  the  appropriation  of  oxygen. 

»  Of  the  conditions  of  capsulatus  activity  in  the  small  intestine  we  at 
present  know  nothing,  but  the  suspicion  seems  not  unwarrantable  that  the 
organism  under  some  conditions  multipHes  actively  even  in  the  upper 
part  of  the  small  intestine.  The  chief  evidence  of  this  is  the  presence  in 
the  small  intestine  of  micro-organisms  morphologically  resembling  B. 
aerogenes  capsulatus  in  some  persons  dying  from  intestinal  disorders. 
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According  to  the  view  here  put  forward  pernicious  anaemias 
and  secondary  anaemias  are  often  closely  connected  with  a  toxic- 
putrefactive  process  in  the  intestine  initiated  by  a  gas-forming 
organism  of  wide  distribution — B.  aerogenes  capsulatus.     The 
strongest  arguments  in  favor  of  a  causal  relationship  in  some  cases 
of  anaemia  are  (i)  the  abundance  of  this  organism  in  the  feces  of 
such  patients  as  compared  with    their  moderate  occurrence  in 
the  feces  of  normal  individuals;  (2)  the  gradual  reduction  in 
the    nimiber    of    these    organisms   as   the    clinical   conditions 
undergo  improvement;  and  (3)  the  ability  of  theB.  aerogenes 
capsulatus   to   make   a   haemolytic    substance    or    substances. 
Considerable  work  remains  to  be  done  to  establish  the  nature 
of  the  haemolytic  action  of  the  capsulatus  organism  and  it  also 
remains  to  be  seen  whether  it  is  possible  by  means  of  capsulatus 
products  to  induce  extreme  forms  of  anaemia  in  animals  closely 
related  to  man.     In   the  absence  of  the   latter  evidence  the 
dependence  of  anaemia  on  capsulatus  infection  is  an  hypothesis 
rather   than  an  established   fact,  but  it  is  one  which  is  put 
forward  as .  already  possessing   a  high  degree  of  probability. 
The  fact  that  streptoccocus  infection  is  sometimes  associated 
prominently  with  capsulatus  infection  in  advanced  anaemias  does 
not,  I  think,  weaken  the  significance  of  the  association  of  anaemia 
and  capsulatus  infection.^     But  it  is  to  be  distinctly  emphasized 
that  the  claim  here  made  is  not  that  severe  anaemia  is  an  invariable 
or  exclusive  result  of  capsulatus  infection  of  the  intestine,  but 
rather  that  it  is  an  important  incident  of  certain  extreme  cases  of 
chronic  capsulatus  infections. 

It  is  possible  that  an  important  factor  in  determining  the 
nature  of  the  pathological  action  exerted  by  B.  aerogenes  capsu- 

»  There  certainly  are  instances  of  streptococcus  infection  of  the  intestine 
(sometimes  of  oral  origin)  in  which  there  develops  a  moderate  or  pro- 
nounced anaemia  which  may  reasonably  be  referred  to  the  influence  of 
this  infection,  since  evidence  is  wanting  of  the  presence  of  other  pathogenic 
micro-organisms  in  significant  ntunbers.  There  are  also  instances  in  which 
we  have  to  deal  with  a  combination  of  streptococcus  and  capsulatus 
infection.  Among  our  cases  of  anasmia  there  are  a  number  in  which 
streptococci  were  regularly  very  abundant  in  the  microscopical  fields,  and 
cultures  from  such  cases' have  shown  streptococcus  to  be  dominant.  The 
significance  of  combined  streptococcus  and  capsulatus  infection  of  the 
intestine  is  not  yet  clear.     The  ability  of  certain  streptococci  to  produce 


64        Bacterial  Processes  in  Advanced  Anaemia 

5.  The  infection  of  the  intestinal  tract  with  B.  aerogenes 
capsulatus  leads  to  varying  clirilcal  results  according  to  the 
intensity  of  infection,  its  duration  and  its  bacteriological  associa- 
tions. Moderate  numbers  of  the  bacilli  administered  to  monkeys 
cause  only  slight  diarrhoea  with  increase  of  the  capsulatus 
oii^^anisms  in  the  stools.  There  are  frequent  diarrhceal  condi- 
tions in  breast-fed  and  bottle-fed  children  which  seem  clearly 
referable  to  B.  aerogenes  capsulatus.  Many  temporary  intes- 
tinal derangements  in  adults  are  associated  with  a  temporary 
increase  in  B.  aerogenes  capsulatus.  In  children  capsulatus 
infection  may  lead  to  the  development  of  extreme  anaemia  with 
general  oedema. 

6.  In  many  acute  and  subacute  capsulatus  infections  of  the 
intestine,  the  living  micro-organisms  of  the  B.  coli  type  in  the 
feces  are  much  reduced  in  number.  This  condition  of  colon 
bacillus  sparsity  is  shown  (a)  by  the  appearance  of  the  Gram- 
stained  fecal  fields ;  (b)  by  the  diminished  production  of  gas  in 
fermentation  tubes;  (c)  by  the  failure  of  the  sediments  in  fer- 
mentation tubes  to  show  a  satisfactory  growth  of  organisms  of 
the  B.  coli  type  on  sugar  bouillon;  and  (d)  by  the  small  number 
of  colonies  found  on  gelatin  plates  or  their  entire  absence. 

7.  Chronic  conditions  are  not  rare  in  which  the  feces  show  a 
condition  of  colon  bacillus  scarcity  associated  with  a  marked 
increase  in  the  numbers  of  B.  aerogenes  capsulatus.  The  per- 
sons in  whom  these  bacterial  conditions  have  been  persistent 
almost  always  are  at  least  moderately  anaemic,  i,  e,,  show  some  fall 
in  haemoglobin  and  indications  of  a  diminished  volume  of  blood. 

8.  B.  aerogenes  capsulatus  is  prominently  characterized  by 
the  ability  to  induce  a  characteristic  type  of  putrefactive 
decomposition  which  may  be  designated  saccharo-butyric  put- 
refaction. Among  the  chief  products  of  saccharo-butyric 
putrefaction  are  carbon  dioxide,  hydrogen,  butyric  acid,  and 
ammonia.  This  putrefaction  may  occur  on  proteid  media  con- 
taining very  little  carbohydrate  material. 

9.  The  excessive  formation  of  gas  and  the  consequent 
flatulence  in  many  cases  of  capsulatus  infection  of  the  intestine 
are  referable  to  excessive  saccharo-butyric  putrefaction  or  fer- 
mentation. 

10.  The    excess   of   higher    volatile    fatty    acids,    including 
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butyric,  which  is  observed  in  many  cases  of  capsulatus  infection 
is  referable  to  excessive  saccharo-butyric  putrefaction. 

11.  B.  aerogenes  capsulatus  is  an  active  haemolysing  agent. 
The  haemolysis  induced  by  it  in  vitro  can  probably  be  referred 
in  part,  but  only  in  part,  to  the  formation  of  ammonium  butyrate. 

12.  Many  instances  of  ** primary'*  pernicious  anaemia  and 
of  secondary  anaemia  show  pronounced  indications  of  excessive 
saccharo-butyric  putrefaction,  but  the  fecal  and  urinary  mani- 
festations of  this  process  differ  considerably  in  different  instances. 
An  increase  of  indol  in  the  feces  and  of  indican  in  the  urine  are 
common,  though  not  regular  manifestations.  A  high  grade  of 
intestinal  putrefaction  with  excessive  formation  of  phenol  and 
indol  may  occur  in  persons  who  show  few  capsulati  in  the  feces. 

13.  There  are  instances  of  ** primary*'  pernicious  anaemia 
and  others  showing  tl^e  blood  changes  of  secondary  anaemia  (of 
undeterminable  etiology) ,  in  which  there  is  chronic  infection  of 
the  intestinal  tract  with  B.  aerogenes  capsulatus.  The  gas  bacillus 
is  in  these  cases  ,the  dominant  spore-forming  anaerobe.  The 
representation  of  living  micro-organisms  of  the  B.  coU  type  in  the 
feces  is  usually  much  reduced  in  these  cases. 

14.  In  certain  instances  of  advanced  anaemia  it  has  been 
observed  that  as  the  blood  picture  and  the  general  conditions 
improve  there  is  a  distinct  reduction  in  the  numbers  of  B. 
aerogenes  capsulatus  in  the  feces  together  with  a  better  repre- 
sentation of  the  B.  coli  group.  With  these  altered  bacterial 
conditions  there  is  usually  an  increase  in  the  capacity  for  gas 
production  by  the  mixed  fecal  flora. 

15.  The  close  association  between  certain  anaemias  and 
capsulatus  infection  of  the  gastro-enteric  tract  creates  a  pre- 
sumption that  this  infection  stands  in  a  causative  relation  to 
these  anaemias  although  experimental  evidence  of  such  ^rela- 
tion has  not  yet  been  obtained. 

16.  In  some  of  the  anaemias  associated  with  capsulatus 
infection,  large  numbers  of  streptococci  are  found  in  the  feces. 
The  significance  of  this  mixed  infection  is  not  yet  clear.  1 

» The  following  practical  considerations  respecting  infection  through 
the  agency  of  food  deserve  mention : 

An  important  practical  measure  in  all  cases  of  capsulatus  infection  is 
the  avoidance  of  food  containing  B.  aerogenes  capsulatus.     As  an  organism 


66       Bacterial  Processes  in  Advanced  Anaemia 

17.  It  sometimes  happens  that  the  numbers  of  B.  aerogenes 
capsulatus  in  the  feces  undergo  such  a  great  decrease  in  the  course 
of  treatment  that  the  microscopical  fecal  fields  present  a  nearly 
normal  appearance  with  respect  to  this  organism.  Therefore  the 
failure  to  find  B.  aerogenes  capsulatus  in  large  excess  after  a 
patient  has  for  some  weeks  or  months  had  the  benefit  of  treat- 
ment by  diet  and  rest,  does  not  necessarily  exclude  a  preceding 
infection. 

ABSTRACT    OP    CLINICAL    NOTES   TO    CASES    REFERRED  TO    IN  THE 

FOREGOING  PAPER. 

Case  I.  Presbyterian'  Hospital,  service  of  Prof."*  James.  Male,  mi. 
about  45.  Increasing  weakness  of  legs  before  entry  to  hospital,  some 
looseness  of  bowels,  occasional  vomiting.  Hb.  —  30  per  cent. ;  red  blood 
cells,  1,248,000;  leucocjrtes,  5200;  normoblasts,  i  per  cent.;  megaloblasts, 
3  per  cent.;  many  megalocytes;  marked  poikilocytosis.  Later  examina- 
tions with  essentially  same  results. 

Case  II.  New  York  Hospital,  service  of  Prof.  Lambert.  Woman 
8Bt.  $8.  Frequent  diarrhoea  with  increasing  weakness  for  past  year 
with  loss  of  20  lbs.  weight.  Complains  of  weakness.*  Hb.  «  35  per 
cent.;  red  blood  cells,  1,440,000;  red  cells  show  marked  granular  degenera- 
tion. Mafty  normoblasts,  no  typical  megaloblasts,  mitosis  in  normoblasts. 
Red  cells  larger  than  normal.  No  typical  megalocytes.  Later  examina- 
tions with  similar  results. 

Case  III.  French  Hospital,  service  of  Dr.  N.  B.  Potter.  Woman 
aet.  65.  Malaria  15  years  ago  in  Smyrna,  but  well  until  i  year  ago. 
Since  then,  gradual  loss  of  strength  and  color.  Is  now  thin,  toothless, 
and  very  pale.  Hb.  =  40  per  cent.;  red  blood  cells,  1,776,000;  leucocytes, 
5000;  megaloblasts,  6,  and  normoblasts,  7  to  100  leucocytes.  Patient 
shows  little  tendency  to  improvement  as  result  of  usual  treatment  for 
anaemia. 

identical  with  B.  aerogenes  capsulatus  or  very  closely  related  to  it  (Grass- 
berger  and  Schattenfroh's  granulo-bacillus  saccharo-butyricus  immobilis 
liquefaciens)  is  often  found  in  milk,  it  is  especicJly  important  that  atten- 
tion should  be  given  to  the  anaerobic  micro-organisms  of  the  milk  and 
milk  products  employed  as  food.  As  sewage  generally  contains  large 
numbers  of  B.  aerogenes  capsulatus,  oysters  exposed  to  sewage  may 
become  a  source  of  intestinal  disease  from  this  micro-organism. 

The  ofticial  examination  of  milk  by  Health  Boards  might  advantageously 
include  the  simpler  tests  (especially  the  action  on  milk  resulting  in  "stormy 
fermentation")  for  the  presence  of  saccharo-butyric  putrefactive,  spore- 
forming  micro-organisms. 
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Casb  IV.  St.  Luke's  Hospital,  service  of  Dr.  Spalding.  First  ad- 
mitted a  years  ago  with  pnevimonia  and  anasmia.  Hb.  »  35  per  cent.; 
red  blood  cells,  1,328,000;  megaloblasts  fotind.  No  free  hydrochloric 
acid.  Since  then  has  been  very  weak,  with  much  emesis,  anorexia, 
diarrhoeal  and  sometimes  bloody  stools  and  cold  extremities.  Typical 
result  of  one  of  several  recent  examinations:  Hb.  «  41  per  cent.;  red 
blood  cells,  1,032,000;  leucocytes,  4000;  polymorphonuclears,  14  per 
cent.;  lymphocytes,  26  per  cent.;  normoblasts;  aniso-  and  poikilocytosis. 

Case  V.  Presb3rterian  Hospital,  service  of  Dr.  Thacher.  Male,  set. 
64.  For  6  months  dyspnoea  and  palpitation  with  loss  in  strength  and 
weight  and  increasing  pallor.  Three  weeks  before  admission,  severe 
seizure  of  diarrhoea  foUowing  retching  after  severe  exertion.  No  teeth 
except  two  in  lower  jaw.  SHght  oedema  over  whole  body.  SHght  rise 
in  temperature.  Repeated  examinations  of  blood ;  typical  one  as  follows : 
Hb.  «"  30  per  cent.;  red  blood  cells,  1,500,000;  leucocytes,  3300;  red 
cells  show  pallor;  many  myeloc3rtes;  marked  poikilocytosis,  polychromasia, 
and  basophile  granulation;  normoblasts  and  megaloblasts  present. 

Casb  VI.  New  York  Hospital,  service  of  Dr.  Lambert.  Woman,  «t. 
49.  Gradually  increasing  dyspnoea,  palpitation,  weakness,  and  headache. 
Nothing  in  previous  history  to  give  clue  to  etiological  factor.  Typical 
examination,  Hb.  —  33  per  cent.;  red  blood  cells,  976,000;  leucocytes, 
7400;  many  oval  reds,  moderate  poikilocytosis;  t3rpical  megalocytes. 
Normoblasts  found  in  some  examinations. 

Casb  VII.  Presbyterian  Hospital,  service  of  Dr.  Thacher.  Male,  «t. 
40.  Small  and  thin.  Pulmonary  and  testicular  tuberculosis,  evening 
temperature.  Bowels  irregular,  movements  soft.  Hb.  —  38  per  cent.; 
red  blood  cells,  1,288,000;  leucocytes,  9000;  pol3miorphonuclears,  50 
per  cent.;  transitionals,  7  per  cent.;  large  mononuclears,  6  per  cent.; 
l5rmphocytes,  27  per  cent.;  megalocytes  and  megaloblasts.  On  light 
diet,  lavage  of  colon,  and  arsenic  patient  gradually  improved.  Three 
months  after  admission,  Hb.  —  62  per  cent.;  red  blood  cells,  3,792,000; 
leucocytes,  7900.      Patient's  color  and  strength  steadily  improving. 

Note.  This  is  one  of  the  cases  in  which  improvement  coincided  with 
a  great  diminution  of  B.  aerogenes  capsulatus  in  the  feces  and  with  a 
return  of  a  good  representation  of  bacteria  of  the  B.  coli  type. 

Casb  VIII.  Roosevelt  Hospital,  service  of  Prof.  James.  Male,  aet. 
38.  Typhoid  fever  7  years  ago;  ai  years  ago,  jatmdice  for  one  year. 
Since  jatmdice,  weakness,  dyspnoea,  and  anorexia.  Sallow,  fairly  nour- 
ished, two  carious  molars.  Hb.  =  30  per  cent.;  red  blood  cells,  1,768,000; 
leucocytes,  6300;  myelocytes,  megaloblasts,  normoblasts,  poikilocytes, 
Other  examinations  with  similar  results. 

Case  IX.  Roosevelt  Hospital,  service  of  Prof.  James.  Male,  aet.  63. 
Weakness,  anorexia,  pallor,  and  dyspnoea  for  a  year.     Etiological  factors 
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not  discovered.  Repeated  examinations  of  blood  of  which  following  is 
typical:  Hb.  —  45  per  cent.;  red  blood  cells,  1,656,000;  leucocjrtes,  13,000; 
megaloblasts,  megaloc3rtes,  microcytes,  niacroc3rtes,  polychromatophilia, 
poikilocytosis.  Blaud's  pills,  Fowler's  solution,  colon  irrigation,  camogen. 
Hb.  fell  to  30  per  cent.,  red  blood  cells  to  876,000.  Death  2  months  after 
admission. 

Case  X.  St.  Luke's  Hospital,  service  of  Dr.  Spalding.  Male,  ast.  30. 
Seven  years  ago  became  very  weak  and  ansemic.  Much  digestive  dis- 
turbance, alternating  constipation  and  diarrhoea.  Nausea,  frequent 
vomiting  of  bile.  Fovtr  years  ago,  Hb.  —  25  per  cent.;  red  blood  cells, 
928,000;  two  years  ago,  after  temporary  improvement,  Hb.  fell  to  34  per 
cent.;  red  blood  cells,  1,572,000;  megaloblasts.  No  free  hydrochloric 
acid.  Temperature  ranged  from  loi^  to  102.5^  F.  On  certain  occasions 
megaloblasts  abtmdant.  After  gradual  improvement,  was  able  to  work 
zo  hours  daily  as  switchman.  One  year  ago  entered  hospital  with  all 
signs  of  pernicious  anaemia.  For  a  time  patient's  blood  condition  retro- 
graded tmtil  Hb.  was  25  per  cent.;  red  blood  cells,  660,000.  After 
systematic  colon  irrigation,  slow  but  steady  improvement.  After  3 
months,  Hb.  —  90  per  cent.;  red  blood  cells,  3,086,000.  Discharged 
greatly  improved  and  able  to  walk  several  miles  without  fatigue. 

Note.  The  feces  of  this  patient  were  repeatedly  examined  for  anaerobic 
micro-organisms.  During  the  period  of  most  pronounced  anaemia  and 
weakness,  B.  aerogenes  capsulatus  was  very  abundant  in  the  feces,  as 
was  also  indol.  At  the  height  of  convalescence  there  was  noted  repeatedly 
a  marked  decline  in  these  micro-organisms  and  in  the  putrefactive  pro- 
ducts, in  the  feces.  Marked  increase  in  numbers  of  colon  bacilli  in  feces 
dimng  period  of  improvement. 

Case  XI.  City  Hospital,  service  of  Dr.  Ransom.  Female  about  50 
years  of  age.  In  ward  several  months  for  weakness  and  anaemia.  Diges- 
tive history  not  carefully  recorded.  Hb.  =  20  per  cent.;  red  blood  cells 
about  1,000,000;  leucocytes,  9000;  no  megaloblasts;  no  nucleated  red 
cells;  no  morphological  changes  except  marked  deformity  of  red  cells. 
At  autopsy  nothing  was  found  to  account  for  the  profound  anasmia. 

Case  XII.  Notes  furnished  by  Dr.  Fred.  Shattuck  of  Boston.  Male, 
aet.  73.  Always  robust  until  about  8  years  ago.  At  that  time  a  digestive 
disturbance  which  resulted  in  loss  of  strength.  Apparently  full  recovery. 
Nearly  one  year  ago  a  severe  diarrhoeal  seizure  lasting  two  weeks  and 
causing  coniineraent  to  bed.  At  this  time,  slightly  anaemic.  Eight 
months  ago  had  become  weak  and  had  lost  weight,  but  continued  at 
business.  Bowels  irregular  with  diarrhoeal  tendency.  Somewhat  later 
was  confmed  to  bed.  About  6  months  ago,  red  blood  cells  numbered 
1,800,000;  megaloblasts  and  normoblasts  obser\'ed.  Gradual  improve- 
ment set  in  3  months  ago.  Hb.  =  82  per  cent.;  red  blood  cells,  4,010,000; 
no  blasts.     Patient  gained  steadily. 
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Note,  Six  months  ago  feces  contained  B.  aerogenes  capsulatus  in 
abundance  (relatively  to  B.  coli).  During  period  of  improvement 
numbers  of  B.  aerogenes  capsulatus  showed  distinct  falling  off;  quite 
recently  the  number  has  again  increased  to  a  point  far  above  the  normal. 

Casb  XIII.  Vanderbilt  Clinic,  service  of  Dr.  Patterson.  Male,  aet. 
about  40.  Gradual  development  of  anaemia  and  weakness  dxiring  past 
year.     Blood  examination  gives  indications  of  pernicious  type  of  anaemia. 

Casb  XIV.  Nursery  and  Child's  Hospital,  service  of  Dr.  Lyon. 
Girl,  aet.  3  years.  Enteritis  during  summers  of  1904  and  1905.  Abdo- 
men large,  spleen  reaches  middle  line;  hver  2  inches  below  ribs  in  nipple 
line;  l}rmph  nodes  in  axilla  and  neck  moderately  enlarged.  Typical 
blood  examination  showed  Hb.  »  25  per  cent.;  red  blood  cells,  1,250,000; 
slight  lymphocytosis;  nucleated  red  blood  cells;  normoblasts,  megalo- 
blasts,  some  mitotic  figures.     Child  was  on  a  general  diet. 

The  diagnosis  in  this  case  was  left  in  doubt.  The  bacterial  and  chemi- 
cal examination  of  the  feces  and  urine  showed  nothing  which  could  be 
regarded  as  accotmting  for  the  observed  anaemia. 

Case  XV.  Notes  furnished  by  Dr.  N.  B.  Potter.  Male,  aet.  45.  For 
about  I  year,  loss  of  weight,  weakness,  mental  depression,  and  anaemia. 
Variotis  derangements  of  intestinal  digestion.  No  free  hydrochloric  acid 
Hb.  «  35  per  cent.;  red  blood  cells,  about  2,000,000.  No  improvement 
under  influence  of  rest,  iron,  and  arsenic.  Diagnosis  in  doubt;  carcinoma 
of  stomach  considered;  also  early  stage  of  primary  pernicious  anaemia. 

Casb  XVI.  Babies*  Hospital,  service  of  Dr.  L.  E.  Holt.  Female 
child,  aet.  20  months.  For  several  weeks,  intestinal  catarrh  and  diarrhoea 
Loss  of  weight,  anaemia,  very  peevish,  general  cfidema,  casts  in  urine. 
By  careful  feeding,  intestinal  conditions  were  rapidly  improved,  oedema 
subsided,  weight  increased,  and  nervous  symptoms  subsided.  Dec.  i, 
1905.  weight,  II  lbs.,  13  oz.;  Dec.  14,  13  lbs.,  4  oz. 

The  blood  history  is  as  follows: 

Dec.  I,  1905:  Hb.  «  35  percent.;  red  blood  cells,  1,798,400;  leucocytes, 
8000;  poljrmorphonuclears,  38  per  cent.;  mononuclears,  58  per  cent, 
large  mononuclears,  3  -per  cent. ;  eosinophiles,  i ;  nucleated  reds,  about  2 
per  cent. ;  a  good  deal  of  basophilic  degeneration  in  the  reds. 

Dec.  9,  1905:  Hb.  «  50  per  cent.;  red  cells,  2,390,000;  leucocytes, 
15  -pet  cent.;  polymorphonuclears,  39  per  cent.;  small  mononuclears, 
50  per  cent.;  transitionals,  10  per  cent.;  some  eosinophiles,  numerous 
normoblasts,  a  few  megaloblasts.      Abnormal  degeneration  of  red  cells 

Dec.  16,  1905:  Hb.  —  70  per  cent.;  red  cells,  3,667,200;  leucocytes. 
12,000;  polymorphonuclears,  51.6  per  cent.;  small  mononuclears,  35  per 
cent.;  large  mononuclears,  8.25  per  cent.;  transitionals,  1.6  per  cent.; 
eosinophiles,  i  per  cent.;  basophiles,  2.6  per  cent.;  nucleated  reds,  i. 

Dec.  23,  1905:    Hb.  «-   75  per  cent. 


70         Bacterial  Processes  in  Advanced  Anaemia 

NoU.  At  onset,  the  stools  contained  very  large  numbers  of  B.  aerogenes 
capsulatus;  B.  coli  were  present  in  very  small  numbers.  As  improvement 
occurred,  there  was  &  return  of  B.  coli  and  B.  aerogenes  capsulatua  was 
greatly  reduced  in  numbers. 

Case  XVII.  Patient  of  Dr.  Skinner,  New  Haven.  Notes  furnished 
by  Prof.  L.  B.  Mendel  -uid  Dr.  L.  F.  Rettger.  Male,  at.  about  30. 
Formerly  a  painter.  Is  emaciated  and  appears  wax-like.  Hb.  ••  about 
ao  per  cent.;  red  blood  cells,  380,000.  Numerous  nucleated  red  cells  and 
megaloblasts.  Treated  by  exposure  to  dry  baking  temperature.  Rise 
to  1,600,000  red  cells  in  short  time. 
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The  Franco-Prussian  War  broke  rudely  into  Weigert's 
studies,  but  his  experience  as  surgeon  to  his  regiment  much 
widened  his  view  of  life.  In  later  days  he  loved  to  tell  of 
his  military  adventures  during  the  seige  of  Paris  and  of  his 
subsequent  visit  to  England.  During  the  years  inmiediately 
following  the  war,  Weigert  gave  considerable  attention  to 
clinical  medicine  in  the  Breslau  Clinic  and  this  education 
served  him  well  in  later  life,  when,  with  wonderful  skill  and 
insight,  he  indicated  to  the  physicians  of  Frankfurt,  in  his 
talks  in  the  dead-house,  the  relations  between  the  pathologic 
findings  and  the  clinical  phenomena.  It  was  during  this  early 
Breslau  period  that  Weigert  made  his  admir.ible  investiga- 
tions of  the  eruption  in  smallpox,  in  connection  with  which 
he  developed  the  conception  of  cell  death  or  coagulation 
necrosis  and  originated  methods  of  staining  bacterid  in  tissues. 
This  research  was  rich  in  its  yield  of  new  methods,  facts  and 
ideas  worked  out  by  the  young  investigator. 

But  Weigert  at  this  time  made  little  impression  on  patho- 
logic anatomists,  not  because  his  investigations  were  not 
original,  but  because,  as  Lichtheim  says,  they  were  too  orig- 
inal. His  work  on  smallpox,  nevertheless,  brought  him  to  the 
notice  of  the  great  experimental  pathologist,  Julius  Cohn- 
heim,  who  soon  took  Weigert  as  his  assistant  at  Breslau. 
The  illness  of  the  master  threw  a  large  part  of  the  daily  work 
of  the  institute  and  of  the  dead-house  on  Weigert,  who  soon 
developed  under  the  critical  eyes  of  his  teacher  into  a  path- 
ologic anatomist  possessed  of  superior  technic  and  objective 
criticism.  One  might  have  supposed  that  Cohnheim's  genius 
would  have  led  Weigert  into  the  growing  and  promising  field 
of  experimental  pathology.  There  are  two  reasons  why  this 
proved  not  to  be  the  case.  Weigert  early  attained  an  in- 
dividual view  of  medicine  and  of  the  methods  most  likely  to 
advance  it.  He  believed  that  pathologic  histology  might  be 
msiterially  advanced  by  the  development  of  improved  methods 
of  staining,  and  from  the  outset  was  so  successful  in  devis- 
inp^  valuable  histologic  methods  that  he  did  not  care  to  turn 
aside  to  join  Cohnheim  in  his  experimental,  studies.  That 
Weigert's  great  master  helped  him  by  encouragement  and 
suggestion  is  certain,  but  it  is  equally  true  that  the  young 
pathologist  worked  out  his  own  salvation  in  all  that  pertained 
to  histology.  His  independence  extended  still  further  and  was 
early  reflected  in  his  well  considered  views  of  general  biologic 
laws.  That  Cohnheim  was  influenced  by  the  original  thought 
of  his  pupil  can  not  be  doubted.  For  example,  it  appears  to 
have  been  Weigert's  influence  that  led  the  roaster,  after  hav- 
ing met  with  failure,  to  repeat  with  success  his  experiment 
on  the  inoculation  of  tubercles.  But  the  strong  individuality 
of  Weigert  as  an  original  worker  was  not  the  sole  obstacle 
to  following  the  paths  opened  by  the  great  experimentalist. 
A   certain   innate   tenderness   of  nature,   quite   unmixed   with 


Ulrw  lentinient.  gave  him  an  avenion  to  eiperimenting  on 
oniniDU — an  ttversion  Biniilfir  to  that  which  made  it  Impcrn 
Bible  tor  Paateiir  to  do  ilvisertion,  Rieder  tetla  iis  that  thr 
rabbit*  in  th«  S^nkenberg  Institute  ted  an  enviable  exifltence, 
for  when  tbe7  eanie  in  contart  with  their  maater  it  wft*  to 
share  hit  mid-day  meal. 

When  Cohnheim,  in  1878,  was  invited  to  flll  the  chair  n( 
pathofogie  nnatom;  at  th«  Univerait^  of  Leipsie,  Weigfrl 
went  with  him  an  exfraontinariiia,  a  |M»iition  whieh  he  fltlcd 
until  the  death  of  the  master,  in  1B85.  It  was  iliirinst  (hii- 
period  that  Weigert  maile  »orae  of  hia  best  contribution!  to 
pathologic  anatomy:  and  perhnpn  no  work  of  hia  ha*  had  n 
wider  influence  on  the  progress  of  medicine  than  the  dik- 
(livery  in  I6S2  of  a  method  by  which  the  medullary  ahanth* 
of  nerves  can  be  sharply  differentia  ted  from  (he  axio  c^liader 
On  Cohnheim'a  death.  Weigert  undertook  the  dutfea  incidental 
to  teaching  pathologic  anatomy  at  the  Senkenberg  Institute 
in  Frankfurt.  Here,  in  the  course  of  nearly  twenty  yean' 
tenure  of  the  directorship  of  the  institute,  he  quietly  cotilintied 
bia  admirable  researchefi  in  pathologic  anatomy  and  pinred 
many  young  inveatigators  under  an  enduring  sense  of  grati- 
tude for  the  inspiration  gained  from  hia  guidance. 

Although  the  Kmnkfurt  period  wae  one  of  happiness  for 
Weigert  he  never  wholly  recovered  from  the  diaappointmenl  of 
failing  to  succeed  Cohnheim  in  the  professorship  at  the  Uni- 
versity of  I,eip9ig,  and  throughout  his  life  the  taihire  cntiiei! 
him  hours  of  depression,  Weigert  knew,  what  was  equtilly 
welt  known  to  the  liest  qualified  judges,  that  he  was  flip 
person  tiest  lltted  to  1111  the  chair  vacated  by  Cohnheim,  de- 
spite the  fact  that  he  w.ia  not  an  experimental  pathologist. 
The  thought  that  hia  colleagues  had  rejected  him.  very  largely 
for  the  reason  of  his  being  a  Jew,  was  a  standing  offense  to 
hia  senae  of  justice.  That  hia  grent  merits  were  really  in  a 
measure  rccogniited  by  members  of  the  Leipsig  faculty  seems 
probable.  They  offered  him  a  public  call  to  the  university  on 
condition  that  he  would  not  accept  it — a  proposition  which 
naturally  proved  highly  distasteful  to  Weigert.  It  is  an  in- 
dication of  the  superior  nature  of  the  man  thnt  in  a  manu- 
script dealing  especially  with  the  methods  nf  making  ap- 
pointments in  universities,  found  after  Weigert's  death,  this 
diOicult  subject  is  dealt  with  in  a  thoroughly  objective  and 
judicial  way,  without  the  slightest  intrusion  nf  perionnl 
feeling. 

Weigert  resembled  his  great  predecessor  in  pnthologic 
anatomy.  Virchow,  in  not  being  a  good  teacher  fnr  the  man 
of  nrerage  ability  and  poor  Irftining,  lie  had  none  of  the 
didactic  ways  of  the  irhooImH*ter  and  could  not  talk  for 
artistic  effect.  It  was  thus  fortunate  that  in  Frankfurt  he 
wu  not  expected  to  give  instructions  to  beginners  in  medicine. 


The  special  studenU  who  came  to  his  little  laboratory  pre- 
pared to  do  serious  work  found  that  Weigert  possessed,  in 
the  highest  degree,  the  power  of  intellectually  stimulating 
others  and  of  making  their  work  fruitfuL  His  influence  as  a 
teacher  extended  far  beyond  the  fleld  of  medicine  and  deeply 
affected  the  philosophic  outlook  of  many  a  student.  The 
persons  who  came  into  close  contact  with  Weigert  reoognizeci 
that  the  society  of  the  joyous  yet  earnest  man  was  erer  an 
education  and  a  delight. 

As  an  investigator,  Weigert  belongs  in  a  select  group  of 
deliberate,  careful  workers,  who  regard  a  problem  calmly  and 
from  every  side  while  bringing  to  bear  extraordinary  powers 
of  analysis  and  a  high  degree  of  ingenuity  in  overcoming 
technical  difficulties.  The  manner  in  which  he  developed  his 
Intricate  methods  of  staining  shows  his  capacity  for  grasp- 
mg  principles  and  applying  them  to  special  ends.  His  studies 
of  inflammation  and  of  new  growths  reveal  the  constructive 
philosophic  mind,  which  derives  its  highest  satisfaction  in  the 
search  for  fundamental  laws  in  the  midst  of  a  bewildering 
maze  of  facts.  Weigert's  mind  was  one  that  advanced  step 
by  step  and  took  few  risks.  His  mind  was  almost  too  well 
ordered  to  lead  him  into  the  experimental  ventures  that  pro- 
duce the  most  strikingly  original  results.  He  never  published 
until  he  was  satisfled  that  he  had  done  the  best  work  of 
which  he  was  capable,  and  when  he  said  to  one  of  his  pupils 
in  1887,  "One  can  never  publish  anything  late  enough,"  he 
gave  the  clue  to  his  attitude  toward  research.  In  all  that 
he  did,  Weigert  had  in  mind  soundness  and  conscientious  per- 
formance. The  extreme  of  this  tendency  sometimes  had  the 
detrimental  effect  on  his  work  that  may  come  from  an  ex- 
asperated conRcientiousness.  For  example,  he  was  so  anxiou<« 
to  perfect  the  reliability  of  his  neuroglia  stain  that  he  let 
many  more  important  subjects  rest  while  he  pursued  an  end 
which  he  could  hope  to  attain  only  by  a  large  admixture  of 
p^ood  fortune  with  intelligent  effort.  Thus  he  tended  at  times 
to  grow  unproductive.  In  the  admirable  critical  reviews  which 
Weigert  wrote,  one  finds  the  same  conscientious  performance 
as  in  his  research  work  and  the  same  interest  in  the  percep- 
tion of  fundamental  principles.  The  reviews  on  chemotaxis, 
on  new  theories  of  heredity  and  on  antitoxin  immunity,  are 
casos  in  point  and  all  bear  the  imprint  of  an  original  mind. 

Weigert  was  a  man  of  medium  stature,  with  a  large,  well- 
Hhaped  head.  In  his  later  years  he  was  slightly  inclined 
toward  corpulence.  His  large  brown  eyes  were  beautiful,  ex- 
pressing gentleness  and  great  intelligence.  His  sympathetic, 
open  and  joyous  nature,  which  gave  him  interest  in  all  kinds 
of  human  endeavor  and  all  sorts  of  people,  made  him  greatly 
liked.  He  mixed  freely  with  scientific  and  practical  men  of 
all  kinds.  He  often  amused  his  more  intimate  friends  with 
his  powers  of  ventriloquism  and  mind-reading,  but  his  greatest 


Boctal  gift  l»y   In  a  rare   talent   for  tetliog   atones   full   of  a 
naive  humor  anil  kindlineat. 

Up  to  (be  time  of  bis  sudden  death,  from  coronary  tbrom- 
boaii.  be  enjoyed  good  health  And  remained  steadfastly  at 
work.  As  his  body  lay  on  its  bier  there  stood  nitering  in  the 
laboratory  a  lOlutioD  designed  to  improTc  the  neuroglia  stain. 
In  the  last  years  of  bia  life  Weigert  devoted  piuch  thought 
f.  to  the  pathogenesis  of  new  growths  and  it  was  his  intention 
■  to  embody  his  views  in  a  publication  dealing  with  the  sub- 
ft^^Mt  from  the  standpoint  of  the  laws  of  celt  development.  He 
was  deeply  interested  in  De  Vriea'  great  work  on  ^^utatiol) 
and  believed  it  shed  important  light  on  some  questions  con- 
nected with  the  aberrant  growth  of  animal  cells.  One  of  tb« 
reviewers  visited  Weigert  in  his  laboratory  not  long  before 
his  death  and  found  him  sitting  on  a  high  stool  with  legs 
folded  under  btui  tailor- fash  ion,  perusing  l3e  Vriea'.  "1  rend 
this  work,"  he  said,  "over  and  over  again,  Parts  of  it  I  find 
very  difficult  to  understand  because  it  is  so  technical,  but  I 


do   r 


.)f    i 


nd   ! 


stick   lo  it." 

Despite  bis  many  and  greut  contributions  to  medical  scienoe, 
Weigert  in  his  later  days  had  periods  of  depression  in  which 
he  suffered  great  discouragement  in  regard  to  his  capacity  for 
work.  He  felt  his  powers  waning  and  imagined  his  researches 
to  be  unimportant.  On  onu  occasion,  when  aaked  about  his 
work  he  said,  "I  ain  working  away  at  the  old  things^small, 
JDaigniDcant  things.  I  realise  .hat  I  can  not  compete  with 
my  younger  colleagues,  Look  at  my  cousin  Paulus  (mean- 
ing Ehrlich)  and  his  immunity  work,  llow  can  1  keep  up 
with  that?  Then  again  this  modern  chemxcal  pathology  which 
requires  so  much  special  training.  It  is  all  right  for  Paulus 
with  his  cKtraordinary  memory  lor  those  hexagons  (benzene 
ring  derivatives),  but  I  ran  not  do  it." 

The  attitude  of  the  universities  toward  Weigert  doubtless 
contributed  to  his  despondency  and  even  made  him  at  timea 
doubt  somewhat  his  powers,  his  knowledge  and  his  worth. 
During  the  period  of  nearly  twenty  years  following  Cohn- 
beim's  death  he  did  not  once  receive  a  university  call— a  fact 
difficult  to  understand  when  one  realizes  how  greatly  his  figure 
towcra  above  nearly  all  contemporary  pathologic  anatomists. 
He  sought  neither  fame  nor  honors,  but  it  was  hard  to  be 
slighted  for  men  of  clearly  inferior  capacity.  It  is  probably 
true  that  the  scant  appreciation  shown  him  by  the  faculties 
waa  in  part  owing  to  lack  of  forcefulness  and  will  power  in 
oertain  directions.  Rieder  aptly  saya  of  him;  "He  had  no 
idea  how  one  makes  a  career  and  how  necessary  it  is  to-day 
to  aaaociate  one's  own  advantage  with  that  of  others."  Weigert 
rteariy  had  the  amiable  faults  of  the  over- sensitive  idealistic 
sludent  whose  modesty  makes  it  impossible  for  him  to  ap- 
nia  own  worth. 
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In  1004  Wdgsrt  wu  looldiig  tewftid  wttli  m^uuam  to  a 
▼igft  to  the  IMtod  Stotos,  to  nhe  feud  of  vnUadtod  poal- 
bOitiM,'' M  Iw  mnd  to  c«ll  It  It  wu  npeetod  fhftt  he  would 
leetnre  at  the  John  Hopkliie  ICedieel  SehiDol  on  eertafai  topfae 
in  general  pathotogy  on  which  lie  had  hmf  pondered.  It  ii 
certain  that  he  would  hate  been  enthmiaBtteallj  reeeited  hj 
his  many  friendfe  and  pnplhi  and  the  Tieit  wooM  eorelj  ha^e 
helped  Um  to  throw  off  hie  donhte  ae  to  hie  own  merit.  Mt 
win  bring  freeh  wind  to  his  sails,''  said  his  eoosin,  Shrlieh, 
in  speakfaig  of  the  propoeed  Tidt  Bat  FSsto  willed  it  other- 
wiee.  In  the  summer  of  1904,  at  the  dooe  of  a  Snndej  agree- 
aUj  spent  with  his  friende,  Weigert  retired  to  his  room  to 
ready  as  was  his  wont  The  neirt  morning  his  lifeless  bodj 
was  foimd.  He  had  apparently  bad  no  premonitions  of  what 
was  impending.  Indeed,  daring  the  last  days  of  his  life  Us 
oompanions  hi^  obsenred  with  pleasare  a  retam  of  the  booy- 
aney  of  eplrit  tliat  had  eharaeteriaed  his  eariier  days. 

The  death  of  CSerl  Weigert  was  in  every  sense  prematore. 
Throa^  it  humanity  loet  a  singularly  simple,  noble  spirit 
and  the  seienee  of  medieine  was  robbed  of  one  of  ito  greateet 
li^ts. 


In  these  two  liaadeome  Tolnniee,  Weigert's  worics  nn  IJ8W 
pages,  which  are  preeeded  by  a  preface  and  140  pagee  devoted 
to  a  slceteh  of  tlie  maeter^  Ufs^  tribntes  to  his  serrioee  in 
neurology  and  Ustdogy  hy  Uinger  and  Efarlldi,  and  a 
chronologie  list  of  Weigert's  eeientifle  pnblieatione  in  whidi 
reference  is  made  to  07  titles. 

It  would  be  a  hopdees  task  to  attempt  a  detailed  review 
of  this  rich  collection.  It  is  possible  merely  to  select  certain 
of  these  works  for  particular  mention  and  this  may  be  done 
almost  at  random,  where  all  the  matarial  beam  the  marks 
of  deep  study  and  careful  exposition.  The  style  is  ezoeed- 
ingly  lucid  and  on  the  whole  simple,  but  so  concise  and  idio- 
matic as  to  render  translation  into  exactly  equivalent  Eng- 
lish a  matter  of  great  difficulty. 

Weigert's  works  are  grouped  under  six  A.eads:  "Koplastik," 
'Tathologic  Anatomy,"  *Tathologic  Histok>gy,''  ''Bacteriology," 
"Neurology  and  Microtechnic,"  and  "Varia;"  the  last  includ- 
ing an  obituary  of  Julius  Cohnheim,  his  master,  an  article 
on  mind-reading  and  some  remarks  referring  to  the  establish- 
ment of  an  instituta  for  experimental  therapy  in  FVankfurt 
This  division  does  not  follow  the  chronolof^l  order,  but 
brings  together  those  contributions  which  are  naturally  re- 
lated to  each  other.  In  some  respeeta  the  articles  included 
under  the  collective  title  "Bloplastik"  are  of  particular  inter- 
est because  they  serve  admirably  to  illustrata  the  breadth  of 
thought  manifested  by  Weigert  throughout  his  writings  and 
his  analytical,  critical  and  constructive  abilities. 


A  ntrlking  example  of  tbe  philoiophiea]  inclEnatlon  of 
WeigErt'B  mind  to  unif;,  cjratcta utile  and  coirelBte  tfae  tcnowl' 
edge  he  |>osKESseil  i»  contsined  in  the  186  pages  liearing  the 
FBpflon  "Attempt  at  a  general  pathologic  morphologj'  baaed 
on  the  nnrtnal."  wbioh  ii  tbe  seventh  and  Jlnal  division  of  that 
part  of  the  whole  worli  deeignated  aa  "BiopUatik."  This  itudj 
romprisea  fifteen  ehapters,  only  Bve  of  which  Tahy  be  re- 
garded an  completed,  in  at  leait  a  tentatlre  form,  to  the 
utiafaclion  of  the  author,  for  in  an  interesting  foot  note  of 
the  editor's  tbeie  la  mentioD  of  Welgert'a  characteristic  lubit 
of  repeatedly  reTising  his  nritiog*.  An  enumeration  of  theM 
chapters  is  all  that  ia  permitted  by  our  apaiw,  but  it  will 
tuffit*  to  indicate  the  interest  and  value  of  thla  contribution. 
as  well  as  the  methodical  way  in  which  Weigert  developed 
hia  ideas: 

1.  Ad   introduetloa  and  Plan 

2.  CBTiBftllly    of    Vtlal    Phenomena. 

3.  Oeneral   Conildtrstloni  Conccruluit    Funciron   and   Matler. 
*.  OrlKlD   ot   LIvIdk  Matter, 

n,  BvolDtlon  and  EplKeoesls. 
1.  Idloplaam. 

7.  Tbe   Non-idJaplattlc   Germ-Const  lluenta. 

B.  The  Multiplicity  of  tbe  Gprm -Potent  la  Mr  les  In  t>ta;lcis«ti7  and 
Ontogeoj. 

n.  The    Alleged    TatlpalenttalltT    of    tbe    Idloplaam    ot    Soiaatic 


I    tbe    Nature 


■    tbe    Chancpa    1 


13.   ReEeneralloD. 

H.  The  Obttaclm  to  Oroul 

15.   MIoplasllc  Activities    In 

We  have  selected  this  study  from  atnong  thone  classed  as 
bioplaatic,  for  more  detailed  notice,  partly  because  it  ia  tbe 
Bnal  word  from  this  liberal  thinker  upon  these  subjects, 
partly  because  it  b  ■  posthumous  work,  not  published  elae- 
wbere-  71ie  other  worlta  placed  in  thla  category  by  the  edi- 
tors, with  the  dates  of  publication,  are: 

1.  iDflnniDBtloa.    1880  and  IHSS. 

2.  Vital    Phenomena    of  CelH  Under   Pathlo((lc   Conditions,    1888 

3.  New  ProWema  In  Palbologlc  Anatomy,  ISM. 

4.  rfew  Theoplei  ot  Heredity.  1887, 

5.  Recent  Works  on   the  Tbeor.v  of  Antlloilc  Iminimltr.  1808. 

0.  Chata  OD  Uia  Hethoda  of  Renearcb  In  Natural  Science,  1808 
tOtwt  pubtlabed  after  Welierl'a  death). 

At  tbe  risk  of  e:cceedlQg  the  limits  proper  to  a  review,  we 
can  not  forbear  making  brief  mention  of  the  work  on  inflam- 
netion.  The  critrin  and  foundntions  of  our  conception  of  this 
varied  process  are  aiibjected  to  a  critical  eiarainalion  baaed 
en  an  hlstorteal  study  of  the  modiScatione  that  conception  has 
|Hused  through,  as  insight  into  biolo^c  proceasea  haa  devel- 
oped,   Thia  constructively  critical  aurvey  of  past  achievements 


tear«a  the  wholeaonie  impreBBion  on  the  reader*!  mlad  thit 
kDOtrledge  is  still  in  process  of  evolution  and  that  th«  lliul 
word  iB  not  yet  uttered.  Having;,  nevertheless,  classified  knd 
defined  in  fhia  manner  the  known  toctors  constituting  our 
eonception  of  (lie  indAnnnatory  proceas,  the  author  analyzes 
and  classiQes  its  vBrious  manifcHtations  in  a  rharacteristic  and 
exceedingly  lucid  exposition  of  difTcrent  concrete  examples. 
No  one  can  read  such  a  broad  and  logicttt  treatment  of  a  com- 
plex subject  without  a  refreshing  sense  of  renewed  inipiration. 

The  pathology  of  tuberculoeis  is  discusiied  in  thirteen  m- 
ticles,  the  flrst  appearing  in  1877,  before  the  demonstrktioQ 
of  the  tubercle  bacillus,  and  the  last  published  in  ID03.  These 
studies,  therefore,  embrace  the  most  interesting  epoch  in  the 
development  of  knowledge  eoacerning  this  disease  and  even 
in  those  articles  which  now  have  chiefly  an  historical  interest 
one  can  not  but  admire  the  acute  and  thorough  observation 
and  the  close  and  suggestive  deductions  of  the  writer.  There 
are  also  several  valuable  papers  on  tumors,  malfonnatioDB,  etc. 

One  at  the  subjects  to  which  Weigert  devoted  much  produc- 
tive atiidy  is  that  of  coagulation,  both  in  the  blood  and  tis- 
sues, and  in  these  volumes  will  be  found  his  successive  papera 
elaborating  the  conception  of  congulation  necrosis  and  the 
technie  with  which  the  presence  of  fibrin  and  similar  sub- 
stances may  be  demonstrated  by  a  differential  stain.  Tbe-e 
articles  afford  another  example  of  hia  patient  effort  to  dis- 
cover and  define  the  essential  facts  ind  processes  underlyini; 
biologic  phenomena,  and  to  make  useful,  conservative  aoii 
guarded  generalizations.  One  would  be  tempted,  in  this  con- 
nection, to  dwell  upon  Weigert's  trained  powers  of  Imngiut- 
tion  which  led  him  to  seek  consistent  hypotheses  as  an  aid 
to  research,  were  it  not  that  the  mere  enumeration  already 
made  of  the  titles  of  the  "Biopla^tic"  papers  reveal  thti 
quality  of  his  mind;  a  quality  admirabl.v  blended  with  ■ 
critical  judgment. 

That  Weigert  was  an  expert  histologist,  hardly  calls  for 
mention.  His  services  to  that  branch  of  medical  science  ai* 
well  known.  The  studies  of  tissue- changes  in  coagulation 
necrosis  rested  upon  this  technical  knowledge,  but  his  widest 
influeoce  in  this  direction  was  exerted  by  hia  elaboration  of 
methods  of  staining  with  a  view  to  idenlifying  the  varioua 
constituents  of  object*  subjected  to  microscopic  examination 
His  writings  on  these  topics  are  embraced  in  the  345  page* 
included  in  the  fourth  and  fifth  divisions  of  this  collection: 
"Bacteriology"  and  "Neurology  and  Microtechnic."  The  b«r 
teriologic  papert  are  not  numerous  and  do  not  occupy  mor* 
than  70  pages  of  a  volume  containing  774  pages.  The  flrsi 
bacteriologic  paper  is  one  published  in  1971  on  the  baet«iia 
in  the  akin  in  smallpox.     This  paper  is  of  interest  ■•  muk 


tag  ttie  But  disoover^  o(  hacteria  io  tissues.  Weigert  show 
hia  excellent  judgment  in  thU  ioBtAiice  in  not  falling  into  tfai 
arroT  of  concluding  that  smalliHiz  is  due  to  tbe  microeocri 
which  be  discovered  in  tbe  leiioUH  of  this  disease.  The  fol 
lowing  paper  is  one  on  a  mycosis  in  a  nent^  born  child  and 
hu  to  do  with  the  coloration  of  bacteria.  In  1S9I  Weig«r' 
published  an  important  paper  on  tbe  technic  of  micrnncopir 
investigations  of  bacteria  in  nhich  ho  devotes  speciul  atteo 
lion  to  methads  of  staining.  Considcrtible  space  is  devoted  ti' 
methods  of  inveatijration  of  bacteria  in  sectionB.  This  com 
nmnieation  dUo  contains  a  section  on  the  si^ificance  of  thr 
dyeing  of  baclerta.  The  author  brings  out  here  the  impor- 
tance of  drying  tissues  with  strong  acetic  acid  or  potasgium 
hydroiid  in  order  to  render  the  bacteria  capable  of  taking 
itiini  in  those  cases  where  they  have  failed  to  be  readily 
colored.  It  is  interesting  to  note  that  although  Weigert  con- 
siders the  introduction  of  the  anilin  dyes  ns  citrenicly  Jm 
portant  in  detecting  tbe  presence  of  bacteria  in  tiasuea.  he 
does  not  draw  the  conclusion  tliat  the  failure  to  take  up  color 
necesMrily  means  the  absence  of  micro-organinnis.  In  other 
words,  he  clearly  recogni  ca  that  further  experiments  are 
likely  to  result  in  the  discovery  of  methods  which  will  render 
visible  micro-organ  isms  which  remain  untouched  even  by  tbe 
greatly  improved  methods  developed  by  himself. 

In  188T  Weigert  published  a  controversial  paper  of  consid- 
erable interest  dealing  with  the  bacteria  question.  Although 
the  doctrines  for  which  he  contests  have  long  since  been  estab- 
lished, it  is  interesting  to  read  this  paper  even  at  the  present 
day  as  an  example  of  searching  criticism  of  the  contention* 
of  a  writer  named  Hiller,  who  energetically  contended  thai 
his  negativG  results  with  tbe  inoculation  of  certain  bacteris 
constituted  a  proof  that  these  and  most  other  bacteria  are 
innocuous.  In  the  same  year  Weigert  published  a  paper  on 
glycerin  as  a  method  of  distinguishing  formed  and  unformed 
ferments.  The  bacteriologic  section  is  completed  by  thrc 
papers  relating  to  Obermeyer'a  spirills  of  recurrent  fever. 

The  section  dealing  with  neurology  and  microtechnic  coasti 
tut«a  one  of  the  most  important  portions  of  the  volume,  em 
bodying,  as  it  does,  Weigert'a  extremely  important  and  fund* 
mental  methoda  for  the  differentiation  of  tissues.  This  ler 
tlon  contains  the  following  papers:  First,  a  paper  on  micm 
■coplc  technic  which  deals  with  the  subject  of  section  cuttinft 
certain  improvements  in  tbe  microtome  introduced  by  Weigert 
and  the  coloration  and  impregnation  of  preparations.  Thi- 
paper  waa  published  in  1664.  It  is  followed  by  one  dcaliof 
'  'c  of  the  central  nervous  system,  pub 
in  admirable  historical  re 
luch  of  interest  to  histolo 
It  discusses  tbe  method  of  Golgi  ■ 


with  tbe  histologic  technic 
Ushed  in  1896.     This  c 
Tiew  of  the  subject  and  c 
gilt*  of  the  present  day. 


p«at  length  and  in  a  critical  t, 


The  second  contrilHj 
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tl0B  to  tiM  hiftologto  tMhBfe  of  tht  flentnl  aorvooi  ijitw  It 
dfttod  18i7  sad  daiJi  in  aa  odunistiTB  mnaan  with  th*  anb- 
jMt  of  itolalqg  the  madulluy  diMlih  of  a  acrva  fiber  aad 
with  the  prindplee  oonoemed  in  sueh  ataining.  The  third  of 
thie  eetlee  of  eontrihntioae  on  the  hietobi^  tedinle  of  the 
eeatral  aertone  eyetem  ie  likewi*  dated  1817  end  ie  devoted 
to  the  MareM  method.  TiieB  follow  two  papers  dealiqg  with 
the  methode  of  Btaiaiag  fltaria.  The  lint  is  dated  1887t  ghriag 
Welgertii  original  method  of  eeleetiTe  coloration  by  means  of 
eaiUn  dyee.  The  diffenmoe  between  this  method  and  that  of 
Oram  is  very  dearly  broqght  oitt  Thb  subjeet  Ie  hconght  up 
to  date  in  a  paper  dated  1908,  dealiqg  agsin  with  the  fibrin 
•teln.  Theee  papers  are  followed  by  one  dated  1898  giving 
Welgerf  s  method  of  staining  elaetie  fibers. 

A  eeetkn  now  follows  whidb  Is  devoted  mainly  to  the  papters 
of  Welgert  in  whidi  are  presented  his  diworeriee  of  methods  of 
staining  the  medoUary  sheatlis  of  the  central  nervous  system. 
In  1890  Welgert  brov^t  out  his  extremely  important  method 
of  staining  the  neuroglia  struciures  of  the  central  nervous  sys- 
tem in  man.  B3s  two  papers  dealing  with  this  discovery  are 
printed  in  this  volume  and  ere  foUowed  by  a  long  contribu- 
tion, of  the  utmoet  stgniflcawre  to  histology,  in  which  the  nor- 
mal human  neuroglia  Is  diecussed  from  the  historical  stand- 
point and  in  the  U^t  of  hie  own  methods.  This  paper  is  dated 
1898.  Weigert's  last  contribution  to  the  technic  of  the  neu- 
ro^ia  stain  was  made  in  1903,  in  which  he  treats  of  ways  of 
improving  his  own,  previously  described,  methods  and  also  dis- 
cusses similar  methods  for  the  study  of  neuroglia  which  have 
been  developed  by  others.  The  rest  of  the  volume  is  given  up 
to  papers  of  less  importance.  It  should  be  mentioned,  however, 
that  among  the  papers  which  have  been  collected  at  the  end 
of  the  volume  is  an  extremely  appreciative  necrolog  relating 
to  Weigert's  master,  Julius  Gohnheim.  This  paper  was  writ- 
ten in  1884.  In  the  same  year  also  was  published  a  short  dis- 
cussion on  the  subject  of  mind-reading.  The  last  contribution 
deals  with  the  question  of  the  establishment  of  an  institute  for 
serum  investigation  and  experimental  therapy  in  Frankfurt 
a-M.,  and  will  be  read  with  interest  by  those  who  have  fol- 
lowed the  classical  contributions  that  have  come  from  this 
institute  under  the  guidance  of  Ehrlich  in  the  past  nine  years. 

It  was  as  a  morphologist  and  resourceful  microscopic  tech- 
nician that  Weigert  entered  and  left  his  impress  on  the  field 
of  bacteriology,  and  his  services  to  neurology  are  of  similar 
character.  In  fact^  throughout  his  writings  we  find  that  the 
chief  data  underlying  his  work  were  morphologic.  But  he  was 
pre-eminent  in  his  ability  to  handle  and  verify  these  data. 
They  inspired  him  to  seek  the  significance  of  the  changes  in 
structure  he  was  so  capable  of  detecting,  and  this  striving  led 
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him  to  his  conoeption  of  Tital  phenomena.  The  chemical  and 
physical  aspects  of  pathology  are  but  lightly  touched  on,  and 
when  considered  at  all  are  discussed  mainly  in  reviews  of  the 
work  of  others.  That  Weigert  was  in  sympathy  with  these 
more  recent  aspects  of  pathology  can  not  ue  doubted,  but  he 
was  too  completely  engrossed  in  the  problem  on  which  he  was 
best  fitted  to  work,  to  make  notable  contributions  in  these  di- 
rections. His  publications  in  the  field  of  his  choice  are  des- 
tined to  become  classics. 
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THE    COMMON'    BACTEHIAL   INFECTIONS    OF 
THE    PKiESTlVE    TRACT    AND   THE    IN- 
TOXICATIONS AKISING  THEREFROM.* 


CHRISTIAN  A.  HERTER,  M.D. 


After  presenting  some  general  considerations  relative 
to  tlie  bacterial  flora  of  the  human  digestive  tract  in 
health,  and  showiog  that  none  of  tlie  ojcperi mental 
fttudii^  made  by  investigators  is  really  eonclnsive  as  to 
ihe  nei.'wjsity  of  bacterial  action  in  the  digestive  tract 
for  the  maintenance  of  health  in  adult  tuamtnals  of  the 
higheiit  tj|)e,  Ur.  Herter  proceeded: 

Clearly,  then,  the  intestinal  bacteria  are  not  required 
to  carry  on  Ihe  ordinary  digestive  processes  of  normal 
nutrition,  '  It  hae  been  supposed  that  the  intestiual 
bacteria  aid  in  the  digestion  of  celluiose  which  they  are 
undoutitedly  able  to  decompose  fermentativuly.  This 
argument  loses  much  of  its  force  if  it  be  true,  ns  lately 
mainlaineil  by  Bergniann,  that  most  of  the  cellulose 
eaten  by  herbivora  is  provided  with  intracellular  en- 
zymes capable  of  decomposing  cellulose. 

The  n^ul  signi ficauw  of  the  normal  intestinal  flora 
probably  lies,  not  in  any  immediate  relation  to  processes 
of  digestion  but  in  a  wholly  different  direction.  It  ig 
impossible  to  avoid  the  eutrance  of  bacteria  into  ihe 
digestive  tract.  The  obligate  bacteria  (for  example.  B. 
Inctig  afrogtnf^,  B.  ctili,  B.  bifidun)  adapt  themselves  to 
the  secretions  of  this  part  of  the  body  and  ordinarily 
liold  their  own  against  new-comers.  By  virtue  of  their 
adaptation,  they  are  not  ordinarily  harmful  to  their 
host,  hut,  <m  tlie  contrary,  they  are,  under  some  eircum- 
ntanees.  capable  of  doing  service  by  giving  rise  to  condi- 


tion£  that  iliscourngo  the  ^owtb  of  manv  harmle^  ami 

harmful  speciqs  which  mHn  can  Dot  readily  excliitl'" 
from  his  iJigeBlivc  tnicf.  I  Ijolieve  thnt  the  chief  sig- 
uiticance  of  the  ohiigate  intedtinal  hacteria  lies  in  tlieir 
potential  capatitj  for  thus  fhevking  the  Jevelopment 
of  other  tyjies  of  organisms  capable  of  doing  injury. 

Speaking  of  the  defensive  actJou  of  the  liiffestive 
juices,  Dr.  Herteraaid  that  the  nornial  human  organism 
is  provided  with  more  or  less  efficient  methods  of  defense 
ogainat  baeterial  invaders.  The  acidity  of  the  gastric 
juice,  for  instance,  checks  the  growth  of  many  non- 
spuruluting  hacteria  and  is,  in  a  meaaure,  destructive  to 
most  varieties.  If,  however,  bacteria  are  administered 
in  very  large  numbere,  there  is  a  chance  tliat  some  of 
them  will  find  tlieir  way  into  the  intestine.  This  is  par- 
ticularly true  when  microbes  are  taken  inlo  the  empty 
stomach  or  into  a  stomach  with  defective  motility  which 
Kecretes  little  gastric  juice  of  low  acidity.  Dr.  Horter 
goes  on  to  say : 

A  long,  largely  anaeniliic  inleslinal  tract  permitting 
gradual  resorption  of  the  contents  is  a  pliysiolugic  nec- 
essity  in  order  that  a  loss  of  water  and  its  detrimental 
conseiiuonces  may  ho  spared  the  organism.  Tlje  presence 
in  tlic  colon  of  immense)  numbers  of  ohiigate  micro- 
organisms of  the  B.  coli  type  may  be  an  important  de- 
fense of  the  organism  in  the  senw  that  they  hindtT  the 
development  of  that  putrefactive  decomposition  which. 
if  prol'mged,  is  so  injurious  to  the  organism  as  a  whole. 
This  adaptation  is  the  most  rational  explanation  of  the 
meaning  of  the  myriads  of  colon  bacilli  that  inhnhit  the 
large  intestine.  This  view  ia  not  inconsistent  with  the 
conception  that  under  some  conditions  the  colon  bai'illi 
multiply  to  such  an  extent  n?  to  prove  harmful  through 
the  part  they  jday  in  promoting  fermentation  and  putre- 
faction. An  alkaline  reaction  of  the  uiedium  (ippears 
to  favor  their  putrefactive  functions  if  peptonesi  be 
present. 

The  influence  of  reaction  on  Ihe  growth  of  intestinal 
anaerobes  was  studied  very  carefully  hy  Dr.  A.  .7.  Wake- 
man,  who  found  that  the  growth  of  putrefactive  anae- 
robes is  favored  by  neutral  reaction  and  restrained  by 
the  presence  of  acids.    This  explains  tlie  favorable  milti- 


tnw  of  milk  (containing  lactic  acid  formers)  iu  con- 
trolling putrefactive  decomposition  in  the  digestive 
tract.  Dr.  Uerter  has  tbie  to  say  witli  reference  to  the 
aerobic  and  anaerobic  conditions  in  Ihe  digestive  tract: 

A£ltUBIC  AND  AN'AKROIllC  CONDITIONS   IN    THE  DIOESTtVE 
TRACT. 

There  are  many  conditions  which  influence  the  char- 
acter and  extent  of  bacterial  decompoeition  in  the  ali- 
nifutary  tract :  among  them  are  the  chemical  cliaracter 
i)f  the  food,  the  aulubility  of  the  food  in  the  digestive 
juices,  and  the  volume  and  composition  of  these  digest- 
ivp  juicfs.  intimately  Jutcnningled  with  llicflc  faclurs 
of  food  and  secretory  activity  is  the  influence  of  aerobic 
and  anaerobic  conditions  in  the  digestive  tract  on  the 
nature  of  the  hacterial  activities  that  occur  there.  The 
initiiition  of  putrefactive  decomposition  in  the  digestive 
tract,  as  elsewhere,  depends  very  largely,  though  prob- 
ably not  e.tcluflively,  on  the  activities  of  obligate  anae- 
robes. An  important  portion  of  the  digestive  tract  is 
most  of  the  time  under  anai-robic  conditions. 

The  facta  all  point  to  the  correctness  of  the  view  that 
we  largely  owe  the  initiation  of  bacterial  proteid  cleavage 
there  to  the  agency  of  Ihe  strict  anaorobea,  but  it  does 
not  follow  ttint  intestinal  putrefaction  is  carried  on 
through  the  sole  activity  of  these  organisms.  The  intes- 
tine abounds  with  micro-organisms,  which  are  able  to 
attack  ulbumoses  and  peptones  and  to  effect  the  further 
degradation  of  the  proteid  molecule,  thus  entering  into 
a  symbiotic  action  with  the  strict  anaerobes. 

The  symbiosis  of  aerobes  and  anaerobes  is  a  biologic 
phenomenon  of  much  consequence  in  determining  the 
diatribution  of  anaiJrobic  bacterial  processes  in  the  di- 
gestive tract.  Without  such  symbiotic  actiou,  the  de- 
velopment of  strict  fluat;ml)ea  would  he  confined  to  those 
parts  of  tlie  digestive  tract  into  which  oxygen  passes 
rarely,  and  then  only  in  small  amounts.  The  large  in- 
ii-stinc  is  «'ldom  visited  by  free  oxygen,  hut  it  is  prob- 
ably u.sual  in  man  for  the  wmall  intestine  to  contain  a 
little  air. 

It  is  probably  safe  to  assume  that  in  the  mouth  the 
free  presence  uf  oxvgi'ii  conslnnllv  acts  as  a  deterrent  to 
anaerobic  growth.  In  spite  of  this,  however,  anaerobic 
life  ie  possible.    Caries  of  the  teeth,  which  was  formerly 


referred  to  aerobic  haptfria,Beenia  clearly  the  result  of  tlie 
invasire  acHon  of  (iiijR'robes  on  the  tootli  pulp.  In  ri"- 
moving  (iecomposing  food  masses  by  thi.'  intelligL*nt  use 
of  a  tooth  brush,  one  not  merely  admits  air  lo  the  anat- 
mbea,  but  also  removes  many  aerobes,  which,  through  the 
symbiotic  action  already  mentioned,  faciiitate  the  mul- 
tiplication of  the  former. 

In  a  etomach  which  accretes  little  or  no  hydrochloric 
acid  and  whicli  is  sluggish  in  emptying  ite  contents,  the 
cliancoa  for  anaerobic  development  arc  good,  and  lionco 
we  frequently  find  under  these  circvunstanew  that  there 
are  evideueea  of  putrefactive  decomposition  of  food  tliat 
has  been  unduly  retained  in  the  stomach  (e.  g..  produc- 
tion of  sulphuretted  hydrogen,  mercaptan,  butjTic  acid. 
etc.).  On  the  whole,  however,  I  think  one  may  say  that 
in  the  course  of  chronic  gastric  affectione  the  number  of 
anai^robic  micro-organisms  in  the  stomach  is  seldom 
great. 

Of  the  conditions  of  bactPrial  life  in  the  small  intes- 
tine, very  little  is  known  because  of  the  inaccessibility 
of  the  contents  of  this  portion  of  the  digestive  tract. 
However,  observations  at  operation  iifter  gunshot  wounds 
and  at  early  autopsies  have  eliown  that  putrefactive  mi- 
cro-organisms are  commonly  few  in  the  upper  two-thirds 
of  the  small  intestines.  In  man  there  is  in  the  ileum 
witliin  a  foot  or  two  of  the  colon  a  marked  increase,  both 
in  the  number  of  bacteria  and  of  their  varieties.  Hem-e 
we  find  that  the  nii.ved  Fecal  bacteria  taken  from  this 
level  of  the  lower  ileum  are  capable  nf  inducing  putre- 
factive changes  in  native  proteids  and  in  more  j>imple 
nitrogen-holding  media,  even  in  health,  and  that  anae- 
robic conditions  of  bacterial  life  are  exaggerated  in  path- 
ologic states.  We  may  indeed  look  on  the  ileum  as  the 
debatable  land  nf  digestive  territory. 

In  the  large  intestine  we  find  the  most  dense  accumu- 
lation of  bacteria  and  the  best  conditions  for  anaerobic 
growth.  The  transition  from  small  to  large  intestine  ia 
in  this  respect  very  striking.  The  anaerobic  conilitions 
are  well  maintained  throughout  the  colon  and  it  is  here 
that  we  find  the  greatest  numbers  of  anaerolies  and  the 
most  pronounced  evidence  of  putrefaction.  There  is, 
however,  a  gradual  fall  in  the  number  of  living  bacteria 
lieyond  the  ili-ocecal  vnlve,  so  that  in  the  nvtum  thft 
numbers  of  cultivable  bacteria  are  very  much  less  than 
Ju  the  ascending  colon,     It  should  be  noteil.  however. 


tliat  the  variety  of  bacteria  in  tliis  rejiion  is  often  not 
90  great  as  in  the  ileum,  althoug^h  their  numtxirs  are  in 
oxeess. 

Dr.  Herter  tlien  diseusfied  the  charnotera  of  the  bac- 
terial flora  of  carnivoroiia  and  of  herbivoroua  animals 
and  the  reducing  action  of  meat.  He  says  that  in  the 
case  of  carnivorous  animals  living  on  raw  meat  there 
seems  little  doubt  that  anaerobic  conditions  may  exist 
throughout  the  digestive  tract,  and  that  the  reducing 
action  of  meat  in  the  upper  part  of  the  tract  may  con- 
tribute materially  to  diminish  the  quantity  of  oxygen 
I  carried  into  the  intestines,  Meat  which  has  been  cooked 
slightly  still  possesses  considerable  reducing  power,  and 
it  is  nut  unlikely  that  there  are  cases  of  excessive  intes- 
tinal putrefaction  in  man  which  depend  on  the  exct-ssive 
activity  of  anatJrobcs  in  which  the  conditions  of  anae- 
robioaia  are  favoreii  hy  exeesfiivc  meat  eating. 

Attention  was  also  directed  to  the  influom.-e  of  the  epi- 
thelial cells  lining  the  digestive  tract.  Dr.  Herior  tbiiiks 
that  in  cases  where  there  is  exc'e'sive  production  and  ab- 
sorplion  of  indol  (and  of  other  noxious  substances) 
this  epithelium  acts  as  a  protective  agency  to  the  organ- 
ism as  a  whole.  Furthermore,  the  epithelial  cells  pre- 
vent tlic  passage  of  hiicteria  from  the  lumen  of  the  gut 
into  tlio  body  tissue. 

Kvidcnce  i^  gradually  jiecumulating  lo  show  that  path- 
ogenic micro-organisms  may  be  present  in  moderate  or 
even  in  considerable  numbers  in  the  intestinal  tract 
under  some  conditions  williout  giving  rise  to  clinical 
manifestations  of  deranged  function.  To  quote  Dr. 
Herter: 

It  is  likely  that  in  all  these  cases  the  pathogenic  or- 
ganisms in  question  sire  held  in  check  by  other  bacteria 
present  in  the  digestive  tract  or  by  the  bacteria  and  the 
intestinal  secretions,  so  that  they  are  unable  to  multiply 
in  a  significant  manner  or  to  gain  entr^-  into  the  cells  of 
the  mucous  membranes.  It  seems  not  unreasonable  to 
SQppose  that  tliis  restraint  may  be  overcome  by  errors  in 
diet,  depressed  general  conditions,  or  by  alterations  in 

PBCcrclions  of  the  digestive  tract,  and  that  thus  defl- 
infection  by   the  lioriiiparasitic  bacteria   that  arc 


present  becomes  possible.  Tlie  considerations  just  men- 
tioued  as  applying  to  these  bacteria  proliablj  bold  equal- 
ly true  of  the  more  saprophj'tic  forme  concerned  la  in- 
testinal putrefaction. 
.  A  varietj'  of  conditions  raHy  be  presumed  so  to  favor 
the  development  of  these  anaerobes  tbat  their  products. 
instead  of  being  formed  in  such  email  amounts  as  to  be 
harmless,  begin  to  exert  a  detrimental  effect  on  the  or- 
ganism. Espeeiaily  important  are  influences  which  alter 
the  character  of  the  secretions  in  the  large  inlestinea  or 
bring  there  unusually  Urge  quuntities  of  partly  digesttid 
proteid  food.  In  certain  conditions  of  the  digeetivp 
tract  an  excessive  or  even  a  moderate  meal  of  proteid 
food  will  precipitate  an  intoxication  or  a  seizure  of  vom- 
iting or  diarrbea.  There  are  cases  classed  as  ptomain 
]K)isoninp  in  which  the  digestive  tract  rather  than  the 
food  is  responsibre  for  the  observed  disorders. 

It  is  evident  that,  while  at  all  periods  of  life  the 
human  digestive  tract  contains  numerous  micro-organ- 
isms, the  biologic  characters  of  these  organisms  are  not 
the  same  at  all  ages.  In  this  may  be  found  a  cause  for 
the  different  typos  and  decomposition  in  the  digestive 
tract.  For  instance,  in  the  digestive  tract  of  a  nursing 
infant  there  is  found  a  relatively  simple  bacterial  flora, 
which  shr.tild  be  a  mntlor  of  interest  to  those  who  wish 
to  obtain  an  insight  into  the  phvisiology  of  digestion. 
The  gref.  majiirity  of  the  bacteria  are  Gram -positive. 
Among  these  may  be  mentioned  B.  bifidiis,  B.  acido- 
philus, H.  aerogenes  capsulahis,  B.  hutts  aerogefyfs,  and 
B.  piiirificiis.  Aa  the  result  of  his  study  of  the  distribu- 
tion of  bacteria  in  the  intestine  of  the  nursling  from  au- 
topsies on  babies  dying  in  the  first  six  months  of  life 
from  causes  not  closely  cnnnuctcil  with  the  digestive 
trad.  Dr.  Herter  presents  the  following  summary: 

Jn  the  normal  nursling  the  moutli  contains  few  ba«.> 
terja  and  these  are  for  the  most  part  derived  from  the 
skin  and  the  nipple — Staphylococrus  pyogenrs  auretu, 
bacilli  of  the  B.  colt  group  and  B.  lactic  atrogenti.  In 
the  stomach  also  the  bacteria  are  few  and  the  bacleno- 
scouic  picture  shows  usually  a  few  positive  or  negative 
diplococci  or  Btreptoeocci,  or  negative  coccobatilli.  or 
positive  or  acgutive  bacilli  suggesting  ihe  B   n>U  nnd  H 


I  aerogenes  groupe.  Tlip  normnl  bacteria  of  Die 
hter  portion  of  tlie  small  inteetino  are  short  Gram- 
Iktive  i)acilli  of  the  colon  and  lactis  arrogeties  groups, 
i  Bometiraea  with  a  few  positive  and  negative  coc- 
bforms.  Tn  tlie  lower  ileum  the  organisms  of  the 
|(|"8  type  appear  ami  at  the  transition  from  lower 
wtim  there  is  a  striking  change  in  the  propor- 
8  of  eoli  and  bifidus  tyiws,  and  the  former  Jose  their 
lomant  numerical  position.  The  asoendency  of  the 
(  type  increnseg  in  the  colon  to  swch  an  extent 
it  in  the  rectum  this  type  has  the  iippeurauce  of  being 
it  in  pure  cullure. 

a  bacterial  flora  of  the  intestinal  tract  of  the  nurs- 
is  thus  only  moderately  numerous  as  regards  va- 
Tht'  bacteria  are  concentrated  in  the  regions  that 
P  between  Ihe  lower  ileum  and  the  anus,  the  ileocecal 
[nction  presenting  most  organisms  capable  of  being 
cultivated  and  the  greatest  variety.    The  eoniparatively 
small  numlter  of  bacteria  found  in  the  small  intestine 
has  its  explanation  partly  in  the  small  amount  of  food 
~~tat  lodges  there  and  partly,  perhaps,  in  the  bactcrio- 
pc  action  of  the  ruccub  entericuB,  which,  though  mod- 
8  appreciable.    Wherever  particles  of  transformed 
ein  are  founil  there  will  bacteria  also  be  abundant, 
t  with  tlie  exception  of  the  lower  ileum  the  small 
Btine  does  not  harbor  food-masses  to  any  consider- 
B  extent.    The  epithelial  cells  are  said  to  contain  an 
ntrj'ptJc  ferment  and  this  passes  tn  some  extent  into 
It  succus  entericus,  where  it  is  perhaps  capable  of  ex- 
i  restraining  influence  on  that  peptonization  of 
Btcid  which  is  the  first  essential  Nlep  toward  putrefac- 
1^  decomposition. 
,  satisfactory  study  of  the  prodnete  of  the  mixed 
1  flora  from  normal  nurslings  has  not  yet  been  made. 
B  fact,  neverthelesft,  .°tands  out.  that  on  sugar-bouillon 
Maining  blood  the  volatile  acid  or  acids  produced  give 
'molecular  weight  corresponding  closely  to  tJiat   for 
etic  acid.  The  insignificant  amoiiutt^  of  the  higher  vola- 
tile tatt>-  acids  points  to  the  absence  of  considerable  num- 
bers of  anaerobic   putrefactive  bacteria.     In   harmony 
with  this  is  our  obsiTvation  that  the  Welch-Xuttai  in- 
pubnlion  test  with  rabbits  docs  not  produce  the  gas-liver 
from   putrefaf^tive  anaerobe^.     The  mixed    fecnl   flora 
when   grown   on   plain  bouillon   make   indol,  doubtless 
ring  ti>  the  multiplication  of  colon  baeiili. 
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If  one  makes  a  comparison  of  the  bacteria  of  the  di- 
gestive tract  of  infants  fed  on  cow's  milk  with  the  flora 
of  the  digestive  tract  of  breast-fed  infants,  many  points 
of  resemblance  and  also  some  typical  and  important 
differences  are  found.  In  general,  the  number  of  bac- 
terial forms  present  is  greater  in  the  case  of  the  bottle- 
fed  infant  than  in  the  breast-fed  infant,  especially  when 
the  milk  has  not  been  sterilized  or  pasteurized.  When 
sterilized  milk  is  employed  the  increase  in  the  number 
of  bacteria  in  the  digestive  tract  is  dependent,  at  least 
in  part,  on  the  presence  of  anaerobic  bacteria  or  faculta- 
tive varieties  capable  of  forming  spores.  Dr.  Herter  says 
that  many  of  the  bacterial  forms  found  in  the  nurslingi^s 
intestinal  tract  are  also  inhabitants  of  the  intestine  of 
bottle-fed  infants,  although  in  the  case  of  the  latter  the 
organisms  of  the  colon  type  predominate,  so  that  the 
microscopic  picture  is  Gram-negative  instead  of  Gram- 
positive. 

The  products  of  decomposition  in  the  intestinal  tract 
of  bottle-fed  infants  are  said  to  be  remarkably  small  "in 
amount,  as  is  the  case  in  nurslings  also.  The  large  in- 
testine of  a  normal  bottle-fed  infant  contains  merely  a 
trace  of  indol  or  none  at  all.  Only  a  moderate  amount 
of  volatilo  acid  is  obtained  from  the  distillate  of  an 
acidilied  watery  suspension  made  from  any  portion  of 
the  contents  of  the  intestinal  tract,  and,  of  this^  acetic 
acid  forms  by  far  the  larger  amount.  This,  Dr.  Horter 
thinks,  indieates  that  such  l)acterial  ])rocesse>  of  de- 
eomi)osition  as  occur  within  the  intestinal  tract  are  of  a 
fermentative  rather  than  a  putrefactive  nature. 

AftiM-  infancy  the  more  varied  diet  increases  the  op- 
portunities, for  tiie  entering  of  many  kinds  of  bacteria 
into  tiie  digestive  tract,  and,  although  individual  varia- 
tions are  considerable,  Dr.  llerter  describes  conditions 
that  are  fairly  ty])ical  for  persons  in  good  liealtli  and 
favoral)le  environments.     He  savs: 

The  Bacterid/  Conditions  After  Infancy. — During 
childhood  and  adolesc(>nce  one  sees  a  slow  transition 
from  th{?  conditions  of  infancy  to  those  of  adult  life.  B. 
bifidns.  although  ])resent,   is  much  less  numerous,  and 


other  types  are  more  numerous.  Stil]  the  numbers  of 
putrefactive  anaerobes  are  small  and  putrefactive  proc- 
eeees  in  the  intestine  are  not  active.  This  is  shown  by 
tilt  presi-nce  of  only  a  very  small  ammmt  of  indol  and 
phenol  in  the  fecee.  and.  in  the  urine,  by  low  ethereal 
sulphates'  and  the  absence  or  small  amount  of  indican 
an*!  pheuuj.  The  rtartion  witli  diraethvlamiilobenzalde- 
hyd  ((CU,),N.C,H..CHO)  ia  slight"  or  moderate 
often  fo  slight  that  its  existence  is  questionable.  Dur- 
ing temp<irury  dt-rangeinenls  of  digestion  there  may  ha 
on  increase  of  the  ethereal  aulphatcB  or  indican,  but  this 
is  very  trans i lory. 

Toward  adult  life  great  dilfcrfoera  exist  in  the  habits 
of  different  persons,  and  these  are  in  a  degree  reflected 
ii  the  nature  of  tlie  bactenaJ  processes  of  the  digestive 
truct.  In  adult  life  Uie  indnidual  experiences  new  re- 
sponsibilities, new  dangers  an  enhanced  emotional  life 
aod  often  a  larger  proportion  of  indoor  life  and  more 
sedentary  habits.  The  di<tari  i«  apt  to  undergo  an  al- 
teration in  the  direction  of  incrcnsed  and  frequently  in- 
judicious liberty  and  the  U«p  of  lea  and  coffee.  .Men  the 
use  of  tobacco  and  alcohoht  drinks  is  cither  increased 
or  begun.  Sooner  or  later  these  things  kad  to  slight  do- 
mngomcnts  of  digestion  which  manifest  tliemselves 
olinically.  One  occasionally  meets  with  persons  of  un- 
usually robust  physical  and  mental  health  in  whom  the 
bacterial  eooditions  of  adolescence  persist  until  tiie  fif- 
tieth year,  or  longer.  A  large  proportion  of  [lersons, 
however,  by  the  time  they  reaeli  tlie  age  of  50  present 
different  physical  conditions,  atthough  they  arc  in  no 
sense  in  a  state  of  invalidism,  but  work  hard  and  most 
of  the  time  feel  well.  While  in  auch  persons  the  ftcid 
flora  shows  nothing  atriking,  it  is  usually  not  difficult 
to  deinonstrale  that  the  number  of  putrefactive  anac- 
robee  in  the  intestine  is  larger  than  in  healthy  adoles- 
cents. In  short,  we  find  in  middle  life  a  large  numlier 
of  persons  whose  health  is  good  or  fair,  in  whom  the 
putrefactive  processes  are  distinctly  more  active  than  is 
the  case  with  most  younger  persons  of  normal  health. 

These  persons,  though  in  good  health,  are  not  robust. 
A  period  of  sustained  hard  work  is  followed  by  consider- 
able mental  and  physical  fatigue.  Dining  out  and  the 
use  of  alcoholic  ilrinks  are  indulgences  quickly  followed 
by  unpleasant  consequences.  Exercise  out  of  doors  be- 
comes more  and  more  a  necessitv.     The  individual  is 
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CODHCtous  that  it  rpquirL's  careful  living  to  keep  !iim  ia% 
condition  compatible  with  tlie  ])e^fr^rlIlnIll^e  of  liie  dntie 

The  main  ctifferuiicc  bctwei'ii  the  putrefaetivo  cnnfU 
tiona  found  at  50  ami  at  70  is  lliat  at  thu  latter  pcria 
tliey  are  a  little  more  markcfl  in   their  ititi'nsily 
affect  a  niuoh  Inrgt'r  [iroptirtion  of  Ihe  pojnilation. 
subjoets  in  question  at  this  later  period  of  life  art- 
ill.  Init  in  ordtT  to  keep  fairly  well  have  to  \nt  vm'  i 
ful  as  to  their  habits  of  living.     Thev  are  mnrleraiefj 
areniic  and  eueily  develop  flight  disorders  ot  digeetio 
Tliey  weigh  less  than  formerly  and.  though  they  md 
gtill  be  well  nuiirtshed  in  appettrunue,  are  conttcioiis  ( 
loeing  strength  from  war  to  year.    Thoy  are  undopf 
ing  what  is  usually  regarded  as  normal  involntid 
may  be  confidently  asserted  that  Ihc  onset  of  seniiil! 
may    be    distinctly    aceelerated    through    tl 
ment  of  int'-siina!  infeetion  in  which  the  iiutrernctiilj 
tinai-nibes   are   prominently    rfpresentcd.      I    have 
served  this  in  cases  where  it  hai^  appeared  certain  tfad 
other  toxic  causes  of  premature  senility  eould 
eluded. 

The  methods  of  inveatigation  employed  by  Dr.  He^ 
ter  in  the  pursuit  of  knowledge  in  connection  wilh  t 
subject  are  described  at  length.    They  relate  in  part  t 
the  study  of  tbe  morphologic  and  cultural  characteristic 
of  the  bacteria  found  in  the  digestive  tract  under  diffei 
ent  conditions,  but  in  the  main  they  di-al  with  the  pro 
ucts  of  the  life  activities  of  these  bacttiria  when  groin 
on  different  culture  medium.     Dr.  Herter  diijcusses  tl| 
study  of  a  microscopic  field  with  the  aid  of  the  Oral 
stain,  the  isolation  and  identification  of  individual  ha/t 
teriu  by  means  of  plate  cultures,  the  study  of  anaerobij 
sis  by  means  of  cultures  and  by  aulmal  experiments,  t~ 
study  of  gas  production,  and  such  otlier  procedures  i 
are  commonly  curried  out  in  the  identification  of  I 
teria.    To  quote  Dr.  lUrter: 

The  ajjpearance  of  the  Gram-stained  flora  gives,  as  I 
rule,  but  not  always,  an  indication  of  the  dominant  floi^ 
in  Ihe  lower  part  of  the  iutcsline.    One  can  not  rely  < 
^it  olonc.  but  in  connection  with  data  derived  from  otlM 

mhods  it  belp^  us  to  form  a  conception  of  the  iMcteriH 
hpes  jirenent.     In  nddition  to  the  study  of  the  min 
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]  flora  in  tho  fGrmestation  tubes,  as  a  rouliae  proce- 
3,   four   rtasks,   each   coDtaining  about   500   c.c.   of 
jdium,  have  been  inoculated  with  a  suspcneion  of  the 
Bted  fecal  flora  and  incubated  seven  days.    The  media 
mioyed  have  been  pep  tone- bouillon,  peptone- bouillon 
tb  ftilcium  (.'arbonatf,  sugar-bouillon  and  sugar-bouil- 
J  with  calcium  rarbonale.     Under  the  conditions  pn.'- 
mling  in  tliese  flasks  a  large  part  of  the  growth  Iia.* 
1  anaerobic  and  a  high  degree  of  anaerobiosis  has 
1  maintained,  owing  in  part  to  the  formation  of  re- 
ing  products.,  such  as  hydrogen,  incidental  to  the  fer- 
jDtative  and  putrefactive  cleavages-    It  has  been  found 
Pgcneral  that  the  anaerolifs  grow  mriTv  abnndantly  in 
ie  fiaelia  which  were  kept  neutral  by  the  presoncy  of 
ctlcinm  carbonate.     The  chemical  examination  of  the 
seven  days'  flasks  hu^;  ineluiied  two  different  series  of 
procedures.    The  peptone-hoiiiElun  flasks  were  examined 
I  hydrogen  sidphia,  methyl  mercaptan,  volatile  fatty 
ammonia,  indol,  akatol.  phenol,  alcohol  and  ace- 
Quantitative  determinatione  have  regularly  been 
tde  in  the  case  of  the  volatile  fatty  acids,  ammonia, 
!ndo1.  skatol  and  phenol.     Id  the  sugar-bouillon  flasks 
the  contend  have  been  examined  for  alcohol  and  ace- 
tone, volatile  fattA'  acids  and  tlic  non-volatile  organic 
^ds^    The  molecular  weights  of  the  barium  salts  of  the 
Nrlatile  fatty  acids  have  regularly  been  delermined.    An 
toteresting  obser^'atiou  has  been  made  that  in  the  flasks 
'  containing  calcium  carbonate  the  molecular  weights  ob- 
tained  for  the  volatile  fatty  acids  have  nearly  always 
iK-en  somewhat  higher  than  in  the  case  of  the  molecular 
(Bights   obtained   from   the  volatile  fatty  acids  of  the 
r-bouillou  flasks.     This  fact  confirms  the  evidence 
flhe  microscopic  fields  and  shows  the  greater  abun- 
B  of  the  putrefactive  anaerobes  in  the  neutral  flasks 
"  I  the  sugar-containing  flasks  that  are  allowed  to 
»me  acid.    Methyl  mercaptan  has  been  determined  by 
B  isat in-sulphuric  acid  method.    I  have  published  pre- 
]sly  the  method  us^ed  for  the  iletcrmi nation  of  indo! 
and  skatol  and  their  separation  Ijy  means  of  0-naphtha- 
quinone-sodium-monosulphonate  and    the  dimethylami- 
Ifbcnzaldehyd    reaction.     The    chemical    methods    of 
■dying  the  fetes  and  urine  are  those  that  are  fully 
ribed  in  the  text-books  relating  to  these  subjects.  To 
*  known  methods  has  been  added  the  color  reaction 
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of  the  filtered  watery  extract  of  the  feces  with  Ehrlich's 
aldehyd  and  also  the  urinaiy  reaction  with  this  reagent. 

The  chemical  products  of  intestinal  fermentation  and 
putrefaction,  the  individual  susceptibilities  as  possible 
factors  in  determining  clinical  types  of  putrefaction,  the 
types  of  chronic  excessive  intestinal  putrefaction,  and, 
finally,  the  therapeutic  considerations  which  arise  as  the 
natural  result  of  Dr.  Herter^s  very  careful  study,  are 
discussed  by  him  as  follows : 

THE  CHEMICAL  PRODUCTS  OF  INTESTINAL  FERMENTATION 

AND  PUTREFACTION. 


I  shall  use  the  word  fermentation  to  designate  the 
decomposition  of  carbohydrate  and  fatty  substances  and 
the  word  putrefaction  to  apply  to  the  cleavages  of 
proteid  and  allied  substances.  The  products  of  putrefac- 
tion include  the  substances  containing  sulphur  or  nitro- 
gen or  both  sulphur  and  nitrogen.  The  fermentative 
and  putrefactive  processes  overlap  in  the  sense  that  they 
furnish  some  products  in  common,  such  as  carbon  dioxid 
and  volatile  fatty  acids,  and,  furthermore,  they  are 
linked  by  the  fact  that  excessive  fermentation  in  the 
digestive  tract  nearly  always  leads  to  excessive  putrefac- 
tion. Of  the  products  of  fermentation  the  carbon  dioxid 
acts  mainly  as  a  cause  of  flatulence  in  the  stomach  or 
small  intestine.  The  acids  formed — chiefly  acetic  and 
lactic — arc  irritants  and  may  bo  exciters  of  vomiting  an*d 
diarrlioa.  Whon  in  excess  tlie  a'cids  may  be  excreted, 
unburued,  and  thus  witlidraw  alkali  from  the  tissues. 
It  is  possihh^  that  a  mihl  degree  of  acidosis  may  thus  re- 
sult from  fermentative  processes  in  the  intestine. 

It  is  now  well  established  that  various  molds  and  bac- 
teria are  capable  of  acting  on  media  containing  sugar 
in  such  a  manner  as  to  give  rise  to  the  production  of 
oxalic  acid.  Dr.  Helen  Baldwin  has  shown  that  by  pro- 
longed feeding  of  dogs  with  large  amounts  of  sugar  a 
mucous  gastritis  is  incited  and  that  oxalic  acid  is  present 
in  the  stomach  and  urine.  It  was  also  found  that  in 
media  containing  beef  extract  and  sugar,  oxalic  acid  was 
])rodnced  after  inoculations  with  the  contents  of  the 
stomachs  of  persons  showing  marked -grades  of  oxaluria. 
Although  gastric  fermentation  is  not  the  chief  source 
of  oxalic  acid  in  the  body,  it  is  possible  that  it  may  have 
an  influence  in  causing  the  condition  known  as  oxaluria. 


When  wo  torn  to  the  coneitieration  of  the  nitrogen- 
holding  anil  Bulphur-holding  products  of  putrefactive 
cleavage,  the  scantiness  of  our  knowledge  comes  into 
view  with  almost  discouraging  cleaniese.     That  putre- 
factive processes  are  attended  by  the  formation  of  bases 
such  as  ammonia,  amines,  diamines  (such  as  putroscin 
pd  cadaverin).  cholin.  neurin.  sulphur  compounds  and 
irious  aromatic  bodies,  has  been  known  nrnny  years 
'  1  something  has  het'n  learned,  though  bv  no  means 
tougli.  about  the  media  and  tht  bacteria  which  deter- 
i  Uie  presence  and  proportions  of  tliese  substances. 
Icn.  however,  we  ask  ourselves  what  we  enn  safely  say 
I  the  conditions  under  which  such  substjinces  arise  in 
B  human  intestines  and  of  their  pathologic  effects,  wc 
i  able  to  give  in  most  instances  only  very  inadequate 
iwers. 
MSasu:   Subntancen. — Although   ammonia   is   regularly 
med  in  the  course  of  putrefaction  in  the  intestines,  it 
■  probably  present  in  too  small  quantities  to  be  toxic. 
le  organism  is-  well  adapted  to  care  for  moderate  qiian- 
ies  of  ammonia  which,  as  is  well  known,  is  united 
1  carbon  dioxid  in  the  liver  and  elsewhere  to  form 
It  is  possible,  however,  that  ammonium  butyrate 
by  act  as  a  local  irritant  in  the  intestine.     Likewise 
we  know  notliing  of  any  toxic  action  from  metliylamine 
or  niluT  nlkyl  amines.    Cholin  and.  |)crhnps.  neurin  have 
been  found  in  the  intestinal  tract  in  experiments  on  ani- 
flls,  but  we  lack  positive  evidence  that  thev  can  under 
)  conditions  exerwse  their  poisonous  effects  on  the 
nism. 

i'uiretcin  and  Cadaverin. — Although  the  study  of  the 
Riditiona   under   which   putrescin   and   caxlaverin   are 
med  in  the  intestinal  tract  is  of  much  biologic  inter- 
i,  there  is  at  present  little  evidence  that  these  diamines 
e  ever  formed  in  sufficient  quantities  in  the  human  in- 
ftineto  constitute  in  tliemsclves  factors  in  the  produc- 
ot  states  of   intoxication.     The  association   with 
innria  is  n  striking  fact,  and  the  further  investiga- 
1  of  this  condition  will  doubtless  give  us  the  expla- 
nation  of  tlie  relationship  between  the  production   of 
diamines  and  the  formation  of  cystin,  if,  indeed,  there 
i  any  neceseary  relation, 

<BuJphvr   Compounds. — The   sulphur  compounds    re- 
from   putrefactive  decomposition  in  the  int<>fi- 
,ave  received  little  attention  from  tlie  standpoint 
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nf  thefr  pharmafologic  action.  It  is  very  difficnit  at 
present  to  form  a  juat  estunate  of  tlieir  importance  in 
intestinal  intoxications. 

There  is  reason  for  thinking  that  the  production  of 
hydrogen  sulphid  in  the  digestive  tract  is  of  more  im- 
portance to  the  organism  than  tlie  formation  of  mcrcap- 
tan.  This  gas  is  regularly  formed  in  tlic  intestines  and 
its  presence  can  be  demonstrated  in  freshly  voidwl  teres. 
The  mixed  fccul  flora,  both  in  health  and  disease,  pro- 
duce hydrogen  sulphid  io  cultures  containing  partially 
hydrolyzed  protcids  (Iwuillon).  In  health  probably  hy- 
drogen sulphid  is  formtfl  only,  in  the  colon  and  perhaps 
in  the  lower  part  of  the  ileum.  There  are,  however, 
pathologic  conditions  in  which  it  occurs  in  the  stomach. 
It  is  not  necessary  to  assume  the  presence  of  a  patho- 
genic organism  in  these  cases,  as  it  is  well  known  that 
B.  lactii  aeroffenes  and  colon  bacilli  liberate  it  when 
growing  in  certain  media.  In  marantic  children  I  have 
found  organisms  capable  of  producing  hydrogen  sulphid 
in  pepton-lionillon  m  the  stomach  and  the  first  part  of 
the  small  intestine;  while  In  children  dying  of  hmncho- 
pneurtioniu.  such  results  were  obtained  only  from  the 
flora  of  the  lower  ileum  and  colon. 

We  have  at  present  very  little  satisfactory  knowledge 
of  the  influence  of  hydrogen  sidphld  on  the  organism  in 
cases  where  the  gas  is  liberated  in  the  intestine.  Sena- 
tor and  others  have  descriljed  poisoning  by  this  gas. 
Among  the  symptftms  which  have  been  met  with  in  such 
cases  tliere  have  been  prominent  those  pointing  to  dis- 
ordered function  of  the  central  nervous  system,  includ- 
ing headache,  dizziness,  delirium,  mental  depression. 
drowsiness,  stupor  and  collapse.  Somewhat  similar 
manifestations  have  l)een  observed  in  es|>erimental  poi- 
soning by  hydrogen  sulphid  in  animals  and  men, 

AROMATIC    PBOOCCTS   OF    PrTREPACTIVE   DECOMPOSITION. 

Phenol  and  Cresot. — In  some  pathologic  conditions 
attended  by  excessive  putrefaction  in  the  intestine  these 
fiubatances  are  found  in  the  intestinal  contents  in 
amounts  considerably  above  the  normal  amount,  which 
is  always  small.  But  one  never,  however,  finds  them  in 
large  quantities — never  so  much,  for  example,  as  in  the 
case  of  indoi.  Notwithstanding  this,  the  quantity  ex- 
creted in  twenty-four  hours  in  tlie  urine  as  phenol  potas- 
sium sulphate  may  be  fairly  high  owing  to  the  fact  that 
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inoU  are  pro(iii<:e(l  in  the  organism  in  the  coiirae  of 
t  metabolism  of  normal  cgIIr.  In  eortaiu  putrefactive 
I  have  found  ttii-sp  substani-ii^  In  considerably 
jater  amounts  in  tiu>  urine,  but  evfn  bpre,  hi>wL'ver, 
Bdoes  not  appear  that  the  plienols  can  be  regarded  an 
Bportiint  toxip  a^i'utB,  oUbouj;h  il  ip  lilit'ly  that  (he 
TptJnned  absorption  of  moderak*  nuaiitities  from  the 
wstine  over  a  Inug  iwriod  of  lime  may  harm  the  cells 
[  the  liver  and  other  strueturi's  concerned  with  the 
ring  of  phenol  and  sulphuric  acid,  especially  if  the 
I  protoplasm  of  the  liver  has  pre^■io^lsly  been  some- 
Wt  damaged. 

'Skatol. — This  substance  is  formed  in  very  small  quan- 
;  from  time  to  time  in  some  normal  persons  and 
y  abundantly  In  some  persons  suffering  from  excessive 
Estinal  putrefaction.     In  persons  witli  marked  intes- 
1  or  nervous  disorders  I  have  occasionally  found  in 
I  feceti  as  much  as  6  or  10  mg.  of  skatol  in  100  gm.  of 
TlGiially  the  amount  is  much  less  than  that  of  in- 
,  but  this  rule  is  not  invariable.    Like  indol,  it  is  de- 
IVed   from   tryptophan,  but  what  are  tlie  conditiona, 
bacterial  and  other,  that  determine  its  formation  rather 
than  the  formation  of  indol,  we  do  not  at  present  know. 
*_  have    found    that    the   administration    of    skatol   to 
.jkeys  by  the  mouth  and  by  subcutaneous  injectiona 
p  been  followed  by  the  appearance  of  a  substance  in  the 
ine  giving  the  Ehrlieii  dimethylamidoheuzoldehyd  re- 
gion and  that  the  administration  of  0.1  gm.  of  skatol 
nan  bus  heightened  the  Ebrlich  reaction  in  the  urine. 
I  most  eases  in  which  the  feces  contain  considerable 
^tal  the  urine  gives  a  strong  reaction  with'Ehrlich 
[dehyd.    Skatol  behaves  in  the  organism  much  like  in- 
?  rcBpects  its  toxic  properties,  but  it  is  somewhat 
I  poisonous.     There  is  seldom  reason  to  attribute  to 
t  any  definite  pathologic  effects.    It  is  possible,  however, 
"»t.  like  phenol,  it  may,  under  some  conditions,  play  an 
^Sxiliary  part  with  other  substances  in  damaging  living 
^la. 

^ndol. — Indol  is  not  a  product  of  tryptie  digestion  of 
fcteids  and  prolmhly  can  not  be  formed  in  the  course 
Pphysiologrc  processes  without  the  intervention  of  or- 
pwized  ferments  such  as  bacteria.  The  indol  produced 
in  the  intestine  is,  like  skatol,  derived  from  tryptophan. 
In  early  life  the  prodnctiou  of  indol  in  the  intestines  is 
'V  general  very  slight  and  there  are  some  older  persons 
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also  who.  evpn  while  suffering  from  diaordera  of  iliges- 
tion,  do  not  form  indol.  On  tho  other  hand,  the  produc- 
tion of  coiiBiihTflhIe  quantities  of  indol  in  the  Ini^e  intes- 
tino  is  a  feature  of  many  instances  of  intestinal  putre- 
faction and  in  some  cases  the  (juantity  formed  is  larg;e. 
That  indol  may  be  absorbed  in  considerable  amounts  is 
shown  by  the  appearance  of  large  quantities  of  indiean 
in  the  iirini'  of  persona  in  whom  the  intestine  eonlaim 
large  amounts  of  indol. 

While  it  is  true  that  in  general  the  aromatic  com- 
poiindfi  are  reaistent  to  oxidation,  it  is  probable  that 
whenewr  indol  is  introduced  in  moderate  quantities  into 
Ihe  organism  of  carnivorous  and  omniverous  animals,  a 
portion  of  it  is  burned  eompletely  in  the  bodj'.  It  may 
be  regarded  as  settled  that  the  liver,  muBcle«:,  intestinal 
epithelium  and  other  cells  normally  exert  a  protective 
action  to  the  nervous  system  in  screening  it  from  tlie 
effects  of  an  injurious  percentage  of  indol  in  the  blood, 
by  the  ability  of  these  structures  to  quickly  bind  any 
indol  wliicli  comes  to  them.  Tho  differences  in  the  ob- 
served toxic  effects  are  probably  dependent  on  inequali- 
ties in  different  persons  in  their  ability  to  oxidize  indol 
and  to  pair  it  with  sulphuric  acid.  As  to  the  effects  of 
absorbed  indo!  on  the  organism  in  disease,  it  is  neces- 
sarj-  to  speak  with  caution,  since  there  is  no  evidence 
that  indol  is  the  only  toxic  substance  absorbed  in  thos« 
eases  where  it  enters  the  organism  from  the  gut. 

The  idea  that  tlie  circulation  of  free  indol  in  the  blowl 
may  act  in  a  depressing  manner  on  the  muscular  struc- 
tures is.Buggested  by  the  rapid  muscular  fatigue  which 
comes  on  in  some  persons  who  have  suffered  for  a  long 
period  of  time  from  a  high  grade  of  indicanuria.  In 
some  cases  of  excessive  intestinal  putrefaction  in  child- 
hood associated  with  retardation  in  growth  and  abdomi- 
nal distension  there  is  clearly  a  poisoning  of  the  mus- 
cular syslem.  These  children  show  signs  of  fatigue  very 
rapidly,  and  in  some  cases  where  the  condition  has  come 
on  in  early  life  they  are  slow  in  learning  to  walk.  Tlieir 
urine  contains  not  only  a  large  amount  of  indiean,  but  a 
considerable  quantity  of  phenol.  It  is  likely  that  phenol 
in  these  cases  plays  a  part  in  the  muscular  depression. 
Perhaps  in  some  instances  it  is  as  much  a  factor  in  in- 
ducing fatigue  as  is  indol. 
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piVIDCAL    SUSCEPTIBILITIES    AS    POSSIBI-E    FACTOUB    IN 
DETKRMININO  CLINICjU,  TYPES. 

Inataiices  arc  many  in  which  clinical  experience  has 
maiJe  it  clear  that  two  persons  of  approsimatelv  the  same 
weiglil   react   rliflerciitly  to  the  enme  tlrng   ami  dn  so 
rcffuiarly.    Of  unJividual  human  .luaceptibilities  and  re- 
pions  to  the   action  of  enterogeuous  poisons   aJmofit 
is  now  known.    Nevertheleae,  one  can  not  fail  to 
}  the  possibilitj'  that  Bueh  individual  suscepti- 
ties  and  reactions  may  play  an  important  part  in  de- 
clining the  clinical   manifestations  of  intoxications, 
s  well  known  to  clinicians  that  there  are  some  persons 
i  promptly  develop  a  widespread  urticaria  after  in- 
Hgcnce  in  certain  foods  or  ilrinks,  such  as  shcll-fiph  or 
wherriea  or  champagne.    In  some  persons  the  inilul- 
single  glass  of  champagne  is  followed  within 
mty-four  hours  by  manifestations  of  gout.     In  others 
mpagne  causes  lieHdnche  and   the  escretion  of  in- 
^6o(t  amounts  of  uric  acid. 

IThe  explauntion  of  these  different  effects  is  to  be 
i|ght  in  the 'individual  cellular  reaction  of  the  patient 
Bier  than  in  the  poison,  There  are  prolwbly  many 
■Jlar  examples  of  individual  susceptibility,  but  when 
|come  to  study  the  question  in  relation  to  processes 
md  in  thti  digestive  tract  we  can  not  make  close  com- 
'jons  between  <lillerent  persons  because  we  can  not  say 
fat  ^ubstnnws  are  being  absorbed.  We  may  know  that 
Krtain  group  of  patients  are  alike  in  having  intense 
pUcanuria.  but  we  can  not  say  that  the  into,ticationp 
J  not  be  different  in  these  eases  owing  to  differencfs 
1  respect  to  the  absorption  of  other  substances  than 
pol,  Among  half  a  dozen  persons  suffering  from  ex- 
Be  indicanuria  one  suffers  from  headache,  sometimes 
fraine-like;  another  is  prone  to  lumbago;  nnofher  per- 
i  has  epileptic  seizures;  another  has  mental  depres- 
.;  another  progressive  muscular  atrophy,  and  still 
irthur  suffera  from  cyclic  vomiting.  There  is  good 
ion  for  suspecting  that  very  similar  bacterial  proc- 
!  in  the  digeative  tract  lead  in  one  case  mainly  to 
Btive  disturbances  and  in  others,  owing  to  a  lesser 
litivmees  in  the  digestive  tract  itself,  to  better  ab- 
ition  of  poisons  end  the  development  of  more  remote 
?qiiene«8.  such  as  acute  arthritis,  anemia  or  nervous 
While  if  is  possible  that  these  very  different 
Bifestatinns  are  always  connected  with  different  and 


perhaps  spwiGcftlly  rlifferent  t^'pes  of  gastroenteric  in- 
fection and  intoxication,  the  posaibility  is  not  eicluded 
that  uven  such  very  different  derangcnieut*  may  have 
much  in  eommon  in  their  etjology.  That  the  mental 
and  emotional  peculiarities  of  individuals  have  a.  large 
part  in  fixing  the  type  of  nervous  reactioiis  that  occur  in 
conBe(]ueiice  of  intoxications  has  become  apparent  to 
careful  students  of  pathologic  conditions. 

TTPES   OF    CHUONIC    EXCESSIVE    INTESTINAL    PTTRE- 
PACTION. 

The  variations  in  the  clinical  manifeetations  and 
pathologic  Bccom pail i men ts  of  ciiroaic  excessive  intes* 
tiual  putrefaction  suggest  that  the  .etiologic  conditions 
vary  in  dilTcrcnt  paticnis.  The  three  types  that  I  wouhl 
sii^rj;,.s|  are: 

1.  The  Indolic  Type  of  chronic  excessive  intestinal 
putrefaction.  This  is  marked  by  striking  indicanaria 
and  probably  is  due  to  members  of  the  B.  coU  group. 

2.  The  Saccharo-Buttfric  Type  of  chronic  cxceaaive 
intestinal  putrefaction,  which  seems  to  be  iliitiated  chief- 
ly by  the  anaerobic  forms.  In  its  simplest  examples 
there  is  very  little  indo!  in  the  gut. 

3.  A  Combined  Type,  or  cases  combining  the  cliarac- 
teristics  of  Groups  1  and  2. 

Indolic  Type  of  Chronic  ErreMire  Iniestinai  Putre- 
'  fariwn.—la  tliese  coses  the  members  of  the  It.  coli  group 
form  indol  in  considerable  quanties  and  they  probably 
invade  thi'  small  intestine  in  large  nunilxrs.  The  bac- 
t^ial  cleavages  seem  largely  to  replace  normal  tryptic 
digestion. 

Provisionally  we  may  cla*iify  here  that  tyi*e  of 
chronic  intestinal  indigestion  found  in  marantic  chil- 
dn'n  with  large  aWomens.  In  the  In^iilment  of  thvst' 
children  much  patience  is  necessary.  At  first  tlieir 
digustivc  ("^tt^ws  must  be  improvei:!.  Carbohydrates 
should  be  greaily  n'siriett-d  luid  shoiihl  K'  given  as 
rice  HT  Huntley  and  I'almcr  biscuits.  The  milk  may 
be  peptonizcil  to  promote  its  earlier  absorptino,  (.'hielcen. 
l>eef  anti  mutton  arc  permissible,  but  they  should  be 
llneJy  divided.  In  a  child  5  or  fi  T<-ars  old  it  may  Ik-  ad- 
visable to  give  only  two  meaU  a  day;  Considerable  Wne- 
tit  stxms  to  follow  daily  irrigation  of  the  colon,  which 
fni-ilitati>c  the  removal  uf  ih«  putrefactive  pruducts  bo> 
ther  are  abntrbnl.     The  rhildn'O  should  eie 
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t  MhouM  be  «part'J  fatigut'.  They  should  rcet  tniich. 
^ausG  they  etnnd  cold  badly,  they  do  hest  id  a  mild 
late  during  the  winter.  Improvement  may  he  poa- 
■le  ftCter  sevi.'ral  yt^rs  of  rigid  regime.  The  retarded 
pwth,  however,  is  evident  even  at  puberty.  Some  of 
_  itients  Mvm  always  susceptible  to  intestinal  dis- 
BPTK,  Mud  may  never  become  Btrikingly  robust. 
The  Saechuro-Rutyrk  I't/pe  of  Chninii:  Excessive  In- 
Hinal  FulrefacUon. — In  this  type  the  seat  of  the  putro- 
c  prwt'ss  is  tlie  large  iutt-iitine  and  lower  ileum.  It 
I  due  to  till!  at-tivitv  of  llii'  strictly  anaerobic  butyric 
md  producing  bacteria.  Although  our  study  is  not  yet 
Kiniistcd  it  may  confidently  be  stated  that  in  many  canes 
'  aeror/etii'jt  ca/Nsiilattus  is  largely  responaihle.  With  tliie 
may  he  associated  H.  pulrifinis  and  poBsibly  sorue- 
i  the  bacillus  of  malignant  edema,  although  often 
.'  forms  are  not  found  in  cultures  on  any  of  the  or- 
I  metlia. 
KThe  abundance  of  putrefactive  anaerobes,  especially  of 

%  atrogenes  i-apsulatiis,  gives  a  peculiar  character  to  the 

jnteetinal  contents.  The  orgauisiiis  attack  carbohydrates 
and  proteids  vigoronsly  and  butyric  acid  is  formed  from 
both,  together  at  times  with  propionic,  caproic  or  valeric 
^d.  These  acids  are  largely  responsible  for  the  odor 
I  the  stools.  From  proteids,  besides  these  acida,  hydro- 
n,  carbon  dioxid  and   perhaps  methane  ore  formed. 

t  a  consequence  the  feces  have  a  low  specific  gravity 

B&d  often  s  decidedly  light  color.  The  presence  of  hy- 
drogen leads  to  the  extensive  reduction  of  bilirubin  and 
other  pignienl».  The  Schmidt  test  with  mercury  l»i- 
chlorid  gives  a  strong  pink  color  The  stools  have  an 
acid  reaction,  although  the  acids  are  neutralized  in 
part  by  ammonia  and  other  bases  formed  in  the  process 
of  putrefaction.  It  is  probable  that  the  ammonium 
ptyrate  acts  as  an  irritant  to  the  gut.  causing  soft 
,»l8  or  diarrhea.  Indol  is  absent  or  present  m  bmall 
taounts-  Phenol  oecobionallj  m  found  in  slight  e\(.ess 
I  the  urine  the  ethereal  sulphates  at  timcn  are  excc=- 
,  although  the  reason  for  tins  is  not  clear  Mer- 
llptaii  may  be  present  in  the  feces  as  a  trai.e,  it  also 
T  found  in  culturea  b\  means  of  the  loatin-aulphuric- 
|nd  test.  It  has  JK-en  noted  that  as  the  patient  improves 
!  mercaptan  becomes  leas  or  disappears,  but  tJie  en- 
hnatioD  of  this  phenomenon  is  at  present  unknown. 
fin  nearly  all  ndults  the  B.  aerogenes  capsulaius  is 


present  in  the  intestineij  in  small  numbers.  It  is  possi- 
ble that  thifi  cirgaaifim  is  responsible  for  repealed  aligbt 
attacks  of  intestinal  putrefaction,  although  it  maj  not 
in  these  nijld  coses  lessen  the  duration  of  life.  In  snme 
persona  in  whom  a  high  grade  of  putrefaction  is  present, 
a  condition  of  actual  invalidism  may  be  induced  and 
life  ma}'  be  definitely  shortened  as  a  consequence  of  th« 
intoxication. 

The  presence  of  amraoniuni  butyrate  may  give  rise  to 
irritation  of  the  intestine  and  this  may  be  associated  with 
an  excessive  desquamation  of  the  epithelium,  not  only 
in  the  intestine,  but  in  the  mouth  wad  stomach  as  wtill. 
We  have  evidence  of  this  in  the  prcsmce  of  a  large  sum- 
ber  of  nuclei  in  the  feces,  and  it  is  \FelI  recognized  that 
excessire  desquamation  of  the  lingual  ei>ilhelium  is  as- 
sociated with  digestive  disorders.  The  patients  suller 
from  tiatulence.  They  tolerate  carbohydrates  and  ai^ids 
badly,  and  are  very  liable  to  attacks  of  diarrhea  after 
a  meal  of  carbohydrates.  Aeids  may  be  fumie*.]  in  Uie 
mouths  of  these  patients  through  the  influence  of  anae- 
robes. This  adds  to  the  irritability  of  the  intestine.  It 
js  possible  that  in  advanced  cases  the  B.  aerogents  cap- 
sulatus  may  invmic  the  small  intestine  and  there  tind 
sugar  from  which  to  form  butyric  acid,  etc.  After  the 
carbohydrates  are  thus  exhausted,  the  anaerobic  forms 
in  the  large  intestine  eet  up  putrefactive  processes  in  tlie 
prnteids  which  exist  there. 

It  is  also  noteworthy  that  many  patients  who  suffer 
from  severe  intestinal  putrefaction  are  distinctly  anemic. 
The  first  change  in  the  blood  seems  to  be  a  decrease  in 
its  volume;  tJien  the  hemogloblin  falls  somewhat  and 
finally  the  cells  themselves  are  reduced  in  number.  Tlie 
grade  of  anemia  varies  extremely,  from  a  moderate  aec- 
ondary  anemia  to  the  most  serious  grades  of  the  pnigrcee- 
ive  pernicious  form. 

The  Combined  Indolic  and  Saccharo-Buiyrir.  Type,  of 
Chronic  Excessive  Intestinal  Futrefaciion. — Examplw 
of  this  type  of  inli^tinal  putrefaction  an-  fomninn. 
There  are  many  putrefactive  anaerobes  in  the  gut.  and 
also  a  persistent  and  well-marked  indicanuriu.  which  is' 
but  slightly  influenced  by  diet.  The  nervous  symptoms 
are  relatively  prominent  and  appear  early.  They  aw 
emotional  irritability  and  periods  of  mental  depre^ion; 
muscular  or  mental  activity  soon  induces  a  Etrikin^  Uf- 
ligue.     Later  the  blood  disturbances  may  appear.     Al- 
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HDugh  ttii'iit'  putients  have  intervnie  of  jinprovemeDt 
tat  continue  for  inonthfi,  on  the  whnlo  tin?  gi-neral  ti'ml- 
'  cy  is  dowiiwari!.  Thpv  become  Ibbs  robu&t  and  recuper- 
(  loiw  promptly  frnin  evi-ry  succeeding  attack.  They 
'  run  along  for  ten  or  fifteen  years  in  a  weak  condi- 
,  with  periods  of  slow  improvement,  and  finnliy  may 
tesent  the  pictuie  of  a  pernicious  luieniia.  In  others 
.fi  symptoms  increase  and  the  patients  may 
vd  treatment  in  ii  sanitarium  or  in  an  iLsylum  for  the 
s  of  melancholia.  • 

5c  various  manife^itaiions  in  dilTercnt  individuals 
■  rcpnwnt  merely  a  differing;  ivaclion  to  Ihe  same 
on.  Whether  the  nervous  system  or  the  blood  shall 
r  the  brunt  of  the  attack  is  determined  by  the  rela- 
B  vulnerability  of  these  tissues  in  that  particular  indi- 
.  It  is  noticed  also  that  under  treatment  one  group 
J  symjitnnis  may  improvo  quite  independently  of  the 
jier. 

■There  is  a  more  rapiJ  advance  of  invalidism  than  is 
"9  caae  of  either  tj'pe  (1)  or  type  (3)  alone.  The 
rophy  of  the  fat  and  musiile  and  the  blood  changes 
e  present,  and  perhaps  also  there  are  chronic  parenchy- 
^tous  changes  in  ihe  kidney  and  liver  as  a  result  of  the 
mstant  poi#onnu:<  action. 

THERAPEUTIC  CONBIUEIIATIONB. 

'he  difficulties  that  beset  our  effort*  to  control  and 

iify    excssive    intestiniil    putrefaction    are    obvioui*. 

Although  the  cattes  arrange  themselves  in  grou|>s,  every- 
one presents  certain  points  of  difference.  Our  experi- 
wice  is  so  incomplete  that  as  yet  our  efforts  arc  more  or 
i  experimental.  .N'ntwitlislanding  this,  one  may  hiy 
rwn  rules  for  partial  guidance  that  are  based  on  certain 
'  iciples.  but  a  careful  regard  for  individual  traits  is 
iperative. 
'he  mihi  cases  often  show  a  rapid  improvement  and 
\  the  evidences  of  putrefaction.  The  patient  feels 
I.  yet  he  can  hardly  be  called  normal,  because  he  has 
Kcient  reserve  power  and  will  easily  relapse  to  his 
iner  condition  aft^r  an  indiscretion  in  eating  or  ex- 
*ive  fatigue  or  worry.  The  long-standing  cases  im- 
)Ve  slowly  at  liest.  The  chi-mieal  products  of  putre- 
1  may  be  reduced  in  amount,  but  the  symptoms 
I  persist,  and  even  under  most  favorable  cireura- 
Xs  the  patient  is  liable  to  frequent  and  protracted 
erbations. 


The  following  priDciplw  must  be  regarded  in  treating 
all  the  three  types  of  putrefaction  :  (1)  Avoidance  of  con- 
tinued reinfection  that  follows  the  ingestion  nf  putre- 
factive bacteria  witli  the  food;  (3)  the  prnmotinn  of 
prompt  digestion  and  riipid  uhsorption  from  the  sniaU 
intestine:  (.1)  the  rwluction  of  the  number  of  putrefac- 
tive anaerobes  in  the  ileum  and  colon. 

1.  To  avoid  infection  nnd  reinfection  the  mouth  nmat 
receive  scrupulous  t^ure.  Carioua  teeUi  and  gingivitis 
must  be  treated  carefully  by  the  intelligent  use  of  the 
tooth  brush  and  of  washes  containing  peroxid  of  hydro- 
gen. In  conditions  of  gastric  atony  a  process  of  putre- 
faction begins  in  the  stomach  that  normally  starts  in  tlie_ 
colon.  Gastric  fermentation  imd  putrefaction  are  con- 
trolled by  lavage  every  day,  perhaps  best  in  the  morn- 
ing. The  reduction  of  the  number  of  bacteria  here  leads 
to  lessened  damage  to  the  bowel  at  lower  levels. 

In  the  preparation  of  food  ordinary  cleanliness  is  very 
effective.  It  is  probably  better  to  use  uooked  food  at- 
much  as  [wssible.  Fruit  is  not  aliove  suspicion,  for  Dr. 
Hettger  has  determined  that  the  bacillus  of  malignant 
I'deniu  is  comniouly  present  on  banana  peel.  This  sug- 
i;ests  the  advisability  of  peeling  nil  fruit  thnt  is  eaten. 
Milk  always  contains  a  large  number  ot  bacteria  and 
often  some  of  the  putrefactive  forms,  especially  B.  pu- 
triftcus.  The  lactic  acid  formers  abound,  but  their  ac- 
tion is  rather  beneficial  in  that  they  antagonize  other  and 
harmful  forms.  Sterilization  of  the  milk  is  of  litUt; 
value.  Pasteurization  or  the  ordinarj'  boiling  kille  th* 
lactic  acid  formers,  bnt  does  not  harm  tjie  spores  of  the 
putrefaetive  organisms.  Cheese,  except  fresh  liomo-mad« 
cheese,  contains  many  putrefactive  forms,  and  is  best 
avoided,  particularly  inasmuch  as  many  of  these  patients 
lack  the  protective  action  of  the  normal  amount  of  hy- 
drochloric acid  in  the  stomach. 

•i.  With  rapid  digestion  and  prompt  absorption  little 
pabulum  for  the  putrefactive  organisms  reaches  Uie 
colon.  These  processes  are  facilitated  by  measures  that 
improve  the  secretory  and  motor  functions  of  the  stom- 
ach. Chief  among  these  is  prober  mastijcation.  which 
largely  determines  the  ability  of  the  body  to  utilise  food. 
When  large  masses  of  meat  are  swallowed,  they  roiri- 
monly  appear  in  the  feces.  Comminution  of  food  outside 
the  body  is  not  tin  adequate  substitute,  for  the  patient 
then  lowcB  the  emotional  stimulus  to  gastric  secretion  and 
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Hleo  the  digGstivL-  iictlnn  of  tiic  sntiva  iUolf.  The  ad- 
min iatratioii  of  hydrocbiorie  acid  ofteii  helps  for  a  time, 
hut  in  long-standing  cosls,  (.•specially  those  of  the  com- 
bined indolic  and  saccharo-butyric  types,  it  is  of  little 
iiee.  Fi^rments,  such  ae  pepsin  aotl  pancreatin,  are  of 
doubtful  value,  although  they  can  not  be  said  to  he  al- 
ways ueelesB.  Diastase  gives  better  results,  as  it  enables 
tilt  patioit  to  utilize  more  estensively  the  carbohydrates 
of  the  food.  If,  as  often  happens,  the  stomach  ifl  irri- 
table, it  is  advisable  to  give  small  meals  and  to  admin- 
ister tlaxseed  or  other  demulcent  before  eating.  The 
best  pancreatic  stimuli,  aside  from  the  quality  of  the 
chyme,  arc  cheerful  emotional  accompaniments  of  eat- 
ing, and  rest,  physical,  menla!  and  sexual.  Prompt  ab- 
sorption is  promol4.'d  by  restricting  the  amount  of  food, 
especially  of  proteid  food.  Meat  should  rarely  he  eaten 
more  than  once  a  day. 

3.  To  reduce  the  number  of  putrefactive  organisms  in 
the  colon,  one  tunis  naturally  to  intestinal  antiseptics. 
Wliile  these  drugs  may  act  efficiently  un  bacteria  in  the 
stomach,  evidence  of  their  continued  action  in  the  intes- 
tine is  variable.  Perhaps  the  salicylates  are  most  likely 
to  check  fermentation  and  putrefoclion  in  the  stomach 
and  small  intestine.  II  is  conoeivahle  that  certain  oxi- 
iltKing  auhgtances  which  are  slowly  dissociated,  such  as 
mauganese  hioxrd,  may  reach  the  colon  in  time  to  lib- 
erate tlieir  oxygen  there  and  thus,  in  part  at  least,  re- 
move the  anai'rohic  conditions  that  obtain  in  this  part 
of  Ihe  inteiitine. 

The  use  of  laxatives  may  be  followed  by  temporary 
bcuelit.  in  that  they  lessen  absorption  from  the  gut,  as 
is  sliown  by  a  decrease  of  the  ethereal  sulphates  in  the 
urine,  after  their  use.  They  must,  however,  he  given 
witli  caution,  lest  they  increase  the  irritability  of  the 
bowel  and  lead  to  diarrhea  and  loss  of  strength.  On  the 
whole,  they  ace  useful  in  acute  and  subacute  eases  only. 

There  are  certain  very  tempting  methods  which  nim 
to  substitute  harmless  bacteria  for  the  putrefactive  or- 
ganisms, but  more  evidence  is  needed  as  to  the  value  of 
this  prficedure.  It  is  a  common  practice  tn  introduce 
lactic  acid  formers  in  kumys  and  kefir  and  also  in  bacilac. 
a  fermented  milk  introduced  by  Metchnikoff,  which  is 
free  from  ycnsfs.  Trrigalion  of  the  colon  two  or  three 
times  a  week  it*  often  followed  bv  a  decrease  nf  Ihe 
ethereal  sulphates  in  the  urine  and  hy  relief  from  "TOp- 
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toms,  including  both  the  mental  symptoms  and  the 
anemia.  This  procedure  is  more  efficacious  in  the  sac- 
charo-butyric  and  combined  types  of  putrefaction. 

PROGNOSIB. 

In  considering  the  prognosis  in  these  patients,  the 
duration  of  the  condition  is  as  important  as  its  intensity. 
Better  results  are  obtained  in  those  cases  induced  by 
gross  errors  of  life,  the- correction  of  which  is  followed 
by  improvement  or  complete  recovery.  In  a  highly  neu- 
rotic person  the  outlook  is  less  hopeful.  A  protracted 
rest  for  two  or  three  years,  with  careful  attention  to  the 
principles  of  treatment  laid  down,  offers  the  best  hope  of 
health. 
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THE  INFLUENCE  OF  FOOD  AND  OF  EPITEE- 

UAL  ATUOl'HY    UN   THE   MANIFESTA- 

TATIUXS  OF  SACOHAKO-BUTYKIC 

INTKSTI K AL  PUTKEFALTION. 


C.  A.  HERTER,  MJ). 


In  recent  publications  I  huvc  sought  to  establish  the 
sigDJticaueG  of  the  part  plajed  bj  auaerobiu  butyric-acid 
forming  bacteria  in  chronic  intestinal  disorders  and 
have  advanced  evidence  to  show  that  of  these  anaerobes, 
the  Bacillus  aerotjenes  capsulatvs,  or  "gas  bacilluB,"  is 
the  most  important  both  on  account  of  tbe  frequency 
with  which  it  is  concerned  and  because  of  the  intensity 
of  its  fermentative  and  putrefactive  activities.'  In  as- 
aigning  this'ptacc  to  the  gas  bacillus,  I  have  not  failed 
to  recognize  that  other  closely  related,  highly  anaerobic 
bacteria,  such  ae  the  bacilluG  of  malignant  edema  and 
tile  Bacillus  putrifictis  of  BienEtock.  are  often  associated 
with  it.  There  are,  in  addition  to  these  anaerobes,  some 
butyric-acid  forming  aiirobic  bacteria  which  may  thrive 
in  tbe  slomnch  and  month,  but  there  is  no  indication 
that  in  man  they  multiply  abundantly  in  the  large  in- 
teEtine,  or  in  the  small  intestine,  or  that  they  are  even 
moderately  pathogenic  for  man.  In  some  animals,  as, 
for  example,  goats  and  pigs,  large  quantities  of  butyric 
acid  are  formed  in  the  .stomach  by  aerobic  bufyric-aeid- 
forniing  bacteria  taken  in  with  the  food  and  it  appears 
likely  that  in  tliem  butyric  acid  is  of  importance  in  its 
relation  to  nutrition.  These  organisms,  in  fact,  appear 
to  be  significant  physiologically  rather  than  pathologic- 
ally, attliough  wc  cim  not  say  that  the  continued  per- 
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sistence  of  a  butyric-acid  type  of  decomposition  of  great 
intensity  may  not  exert  some  detrimental  inflnencc  on 
the  duration  of  life. 

The  human  condition  which  I  have  described  as  one  of 
saccharo-butyric  putrefaction*  is  characterized  by  the 
persistent  presence  of  excessive  numbers  of  anaerobic 
butyric-acid  makers  in  the  large  intestine  and  probably 
also  in  the  small  intestine.  In  fact,  the  persistent  occur- 
rence of  this  form  of  putrefaction  is  an  indication  of  an 
intestinal  infection  through  the  agency  of  anaerobes. 

CHIEF  CHAIUCTERISTICS  OF  THE  SACCHABO-BUTYRIC 
TYPE  OF  INTESTINAL  PUTREFACTION. 

It  is  desirable  for  the  purpose  of  the  present  paper  to 
describe  briefly  the  leading  features  of  the  saccharo- 
butyric  type  of  intestinal  putrefaction.  The  process  in 
question  is  a  chronic  one.  There  are  acute  conditions 
in  which  there  is  a  temporary  increase  of  anaerobic 
butyric-acid  makers,  but  in  young  individuals  this  condi- 
tion is  commonly  of  short  duration — a  few  days  or  a  few 
weeks — and  is  mainly  of  interest  here  as  a  forerunner 
of  the  more  chronic  type  of  infection.  In  chronic  infec- 
tion, the  anaerobes  have  become  adapted,  at  least  par- 
tially, to  the  mucous  membrane  and  its  secretions.  This 
is  especially  true  of  the  large  intestine  whete  the  putre- 
factive anaerobes  may  persist  in  very  large  numbers. 
The  excessive  numbers  of  anaerobic  butyric-acid  formers 
are  readily  demonstrable  in  the  case  of  B.  aerogenes  cap- 
ffulafus  by  (1 )  the  lar<xe  numbers  of  characteristic  Gram- 
positive  bacilli  seen  in  the  fecal  fields;  (2)  the  growth 
of  characteristic  colonies  on  anaerobic  blood-agar  plates 
with  or  without  su^jar;  (3)  the  intravenous  injection  of 
feral  emulsions  into  ral)bits  incubated  by  the  Welch- 
Xuttall  method;  (4)  the  subcutaneous  or  intramuscular 
injection  of  feeal  emulsions  into  guinea-pigs,  with  the 
production  of  hemorrhagic  edema  at  a  distance  as  well 
as  locally  and  by  the  spread  of  the  bacilli  (usually  in 
pure  culture)   tliroui^rhout  the  blood. ^ 

U.  I  us(^  the  term  putrefaction  rather  than  fermentaton  to  Indi- 
cate that  butyric  add  la  formed  from  protein  as  weU  as  from  su^r 
and  because  the  most  harmful  products  are  those  derived  from  pro- 
tein :  tit  thp  snnie  time  the  adjective  "saccharo-butyric"  Is  a  re- 
minder that  butyric  acid  Is  formed  from  sugar. 

,1.  I  expect  soon  to  publish  exact  data  regarding  the  virulence 
of  the  heated  and  unheated  fecal  suspensions  from  a  series  of  cases, 
as  I  believe  the  virulence  of  B.  acrogenca  capsulaius  (In  the  hnmaa 
tract)   varies  almost  as  much  as  Its  numbers. 
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How  far  into  the  ileum  the  organisnis  establish  tliem- 
■ves  in  significant  nuiiiliere  is  not  yet  clear.     Wliile 
'  are  continually  present  in  the  large  intcstino  in 
■  numbers,  it  is  probable  that  in  many  cases 
eir  presi^ncc  in  the  gmall  Intestine  is  less  coustout  nnil 
kt  the  upper  level  of  the  small  intestine  to  which  they 
'loin  is  variable.  (iepenJing  on  the  state  of  the  secre- 
tion of  the  digested  juices,  on  the  character  of  the  food 
aniJ  on  the  state  of  the  epithelium  of  the  intestinal  tract. 
In  one  instance,  I  have  obtained  experimental  evidence 
T  the  upward  wandering  of  the  B.  atrogenes  capnulatus 
fn  level  at  least  as  high  as  the  middle  of  the  small 
"estine.    This  was  in  a  dog  in  which  Dr.  Carrel  had 
?eted  the  pancreatic  and  biliary  ducts.     There  was. 
fcever.  in  this  case  an  acute  gastroenteritis,  apparently 
Hucpd  by  an  e.vperintent  in  diet  (which  will  be  referred 
l^later).    A  comparison  with  other  animals  shows  that 
Rhision  of  the  bile  and  pancreatic  juice  is  not  neecs- 
Trily  followed  by  this  upward   wandering  of  the   !i. 
>genes  capmhtvs,  but  that  this  is  likely  to  occur 
tader  certain  pathologic  conditions.     In  human  beings 
with   chronic  anaerobic  infections,   there  is  usually   a 
diminution  in  the  numbers  of  colon  bacilli  in  the  feces — 
perhaps  even  a  complete  disappearance — which  probably 
Oints  to  a  diminution  of  these  organisms  at  higher 
rel«.    If  the  chronic  infection  has  been  of  only  short 
■ration,  the  colon  bacilli  may  still  be  well  represented, 
'.  indeed,  this  is  the  case  in  some  infections  of  many 
^rs'  standing. 

I  the  saccharo-butyric  type  of  intestinal  putrefac- 
,  there  is  an  excessive  production  of  butyric  acid  on 
■n  ordinary  mixed  diet.  The  amount  of  butyric  acid 
recoverable  in  the  feces  depends  in  part  on  the  propor- 
tion of  acid  that  has  been  absorbed  and  is,  therefore, 
rcater,  the  conditions  of  diet  remaining  the  same,  when 
!  ifl  'an  increase  in  peristalsis  from  any  cause,  or 
1  the  epithelium  has  been  temporarily  or  perma- 
btly  denuded.  It  is  usual  in  the  saccharo-hntyric  type 
Iputrofnction  for  the  feces  to  have  the  odor  of  butyric 
',  owing  to  the  preeeiice  of  a  small  amount  of  the 
e  acid.  This  is  especially  noticealile  on  n  diet  rich  in 
Kihydrates,  hut  if  tJie  diet  consists  largely  of  meat 
f  acid  is  neutralized  wholly  by  ammonia  or  ammonia 
9  other  bases,  and  the  odor  of  butyric  acid  is  not  pro- 
The  quantity  of  butyric  acid  in  one  hundred 
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grams  of  dried  feces  may  reach  0.5  grams  in  well-pro- 
nounced examples  of  this  type  of  decomposition.  The 
formation  of  butyric  acid  from  carbohydrates  is  at- 
tended  by  the  liberation  of  hydrogen,  carbon  dioxid  and 
methane,  and  this  gas  production  accounts  for  the  intes- 
tinal flatulence  which  is  so  persistent  a  feature  in 
marked  instances  of  the  affection.  The  quantity  of  hy- 
drogen sulphid  produced  is  small  and  in  several  in- 
stances the  quantity  of  hydrogen  sulphid  bound  by  the 
proteids  of  the  feces  has  not  been  in  excess  of  that  ob- 
served in  normal  persons  on  a  similar  diet. 

Often  the  expelled  gases  have  a  sickening  odor,  exact- 
ly like  that  which  emanates  from  a  rabbit  that  has  been 
iiijected  with  a  pure  culture  of  B.  aerogenes  capsvlatus 
and*  then  incubated.  The  presence  of  gas  gives  a  light 
color  to  the  movements  which  are  often  unformed  and 
soft  and  float  on  water.  Through  the  active  reducing 
agency  of  the  putrefactive  anaerobes  there  is  a  conver- 
sion of  bilirubin  into  hydrobilirubin,  the  presence  of 
which  may  be  inferred  from  the  pink  or  red  color  de- 
veloped on  the  addition  of  a  saturated  solution  of  mer- 
curic chlorid.  This  reaction  is  frequently  intense.  It 
fails,  however,  in  those  conditions  in  which  the  bile  is 
excluded  from  the  intestinal  tract. 

Another  unusual  reaction,  dependent  on  some  modi- 
fied form  of  bile  pigment  (perhaps  urobilinogen)  is  that 
which  is  manifested  when  an  acid  solution  of  dimethyl- 
amidobenzaldehyd  is  added  to  the  filtrate  prepared  from 
a  ft'cal  susj)ciisiou.  Tlio  intense  cherry-red  color  so  ob- 
tained is  like  that  yielded  by  indol.  Hence  in  order  to 
(letcrmine  whether  the  reaction  is  due  to  urobilinogen  it 
is  nece&?ary  first  to  remove  by  distillation  any  indol 
which  may  he  present.  It  is  very  common  to  find  indol 
in  the  intestinal  contents  of  pet-sons  siilTeriug  from 
chronic  saceharo-biityric  putrefaction,  hut  the  quantity 
may  be  small,  and  1  have  met  with  instances  in  which 
the  feces  contained  a  great  excess  of  anaerobes,  chiefly 
H.  arrof/encs'  capsidatiis,  but  from  which  only  traces  of 
indol  could  he  recoyered,  while  the  urine  on  repeated 
examination  failed  to  contain  indican. 

1  consider  that  two  conditions  haye  to  be  fulfilled  in 
order  that  a  saccharo-butyrie  putrefaction  should  be 
unattended  by  indol  formation.  The  first  is  that  the 
dominant  anaerobe  should  not  be  an  indol  producer. 
This  is  frequently  the  case  with  B.  aerogrnes  capsulaius. 


s  second  condition  is  that  the  colon  bacilli,  of  which 

B  intestine  almost  always  contains  many  tbat  arc  indol 

era,  Bbali  not  take  part  in  the  proeeea  of  putrofac- 

In  other  instanceB  there  ia  an  abundance  of  indol 

proiliiccii,  and  consLijiiently  a  strong  reaction  for  in<1ican 

in  thu  urine.    The  explanation  of  the  indol  putrefaction 

must  be  sought  cither  in  the  indol-producing  properties 

Tthe  anai-ri'ltiH  (■onct-rii!''!  (|ii-u|ierticji  wtiit'li  thoy  soine- 

issess  in  a  very  high  degree)   or  in  the  active 

toperation  of  indol-inaking  colon  bacilli  in  the  putre- 

"fitiTe  proecBs,    I  have  met  with  instances  in  which  the 

Ion  bacilli  have  been  so  few,  both  in  the  feces  and  in 

ttcrial  obtained  by  catharsis,  that  I  liavc  questioned 

ftiether  they  conld  have  any  considerable  part  in  the 

indo!  production. 

In  tJiis  connection  I  wonJd  call  attention  to  two  facts 
relating  to  indol  production  which  I  think  are  not  recog- 
One  is  that  when  the  bile  and  pancreatic  juice 
!  experimentally  shut  out  from  the  intestine  there 
hy  be  a  lar^e  production  of  indol  in  the  upper  half 
[  the  small  inteetine  bb  well  as  lower  down.  The 
»nd  point  ia  that  indol  production  may  occur  in  the 
II  intestine  in  the  presence  of  a  distinctly  acid  reac- 
.  to  litmns,  this  reaction  being  due  mainly  to  the 
e  of  free  fatty  acids.*  Further  reference  will  be 
lade  to  this  point  in  discussing  the  influence  of  the 
'b  on  manifestations  of  saecharo-bntyTic  putrefaction, 

THE    PSBBEMCB    OF    8K.*T0!.. 

Ila  many  instances  of  pronounced  eaccharo-butyric 
Itrefaction,  skntol  has  been  present  in  the  intestinal 
|Dtcnts.  Contrary  to  the  general  belief.  I  have  found 
fbt  skfttol  is  very  often  absent  from  the  intestinal  tract 
1  nonnat  people.  I  have  never,  under  any  circum- 
.  met  with  it  in  considerable  quantities;  tbat  is 
in  quantities  comparable  to  those  in  which  one 
ids  indol  in  cases  of  severe  putrefactive  decomposi- 
,  but  the  largest  quantities  I  have  observed  (10  mg. 
I  100  gm.  of  fresh  intestinal  content)  have  been  ol>- 
tained  from  persons  suffering  from  severe  or  long-stand- 
ing forms  uf  intestinal  putrefaction. 

4.  It  U  passible  Ihit  In  unrb  raaee  tbere  are  mlDate  partialis  ol 
''•  lotMtlul  coDlenti  tliat  give  a  Deucml  or  eren  lUgbtly  alkaUae 
o  lltma*.  wUlIe  Uie  readloa  or  tbe  conleDts  u  a  wbal«  la 
■eld.  Tbia  would  eiplBln  tbe  forntatlon  of  Inilol,  bfdrogeil 
DipbU  and  aomi  at  Ibe  putretactlTe  substancea. 
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In  many  of  these  instances^  putrefactiye'  anaerobes 
have  been  extremely  abundant,  and  I  have  come  to  re- 
gard the  presence  of  skatol  as  a  usual  accompaniment  of 
the  saccharo-butyric  variety  of  intestinal  putrefaction, 
although  I  admit  that  in  small  quantities  skatol  may  be 
found  where  there  is  certainly  no  long-standing  or  in- 
tense decomposition  of  this  sort.  I  have  found  it  very 
di£ScuIt  to  determine  the  conditions  under  which  skatol 
is  produced  by  putrefaction  rather  than  indol.  In  the 
study  of  individual  putrefactive  anaerobes  I  have  found 
three  which  gave  rise  to  considerable  quantities  of  skatol 
on  pepton-bouillon.  These  were  certain  varieties  of  the 
bacillus  of  malignant  edema,  some  forms  of  B€Lctllus 
putrificus,  and  a  butyric-acid-producing  anaerobe  sent 
to  me  by  Dr.  Theobald  Smith. 

I  believe  that  skatol  is  only  rarely  formed,  if  ever,  by 
the  B.  aerogenes  capsulaius  acting  on  pepton-bouillon. 
For  these  reasons  it  seems  to  me  not  impossible  that 
when  we  find  considerable  quantities  of  skatol  in  the 
feces  in  the  course  of  saccharo-butyric  putrefaction  this 
must  be  attributed  to  some  associated  anaerobe  or  to 
some  special  symbeosis  rather  than  to  B.  aerogenes  cap- 
sulaius.^ On  the  other  hand,  these  considerations  ex- 
plain why  it  is  that  skatol  is  not  always  present  even 
where  there  is  pronounced  sacchaio-butyrlc  putrefaction. 

In  many  of  the  cases  where  skatol  has  been  found  in 
relatively  considerable  quantities,  indol  has  been  present 
in  smaller  quantities  or  not  at  all.®  The  ethereal  sul- 
phates of  the  urine  are  generally  increased  whether  in- 
dican  be  present  in  the  urine  or  not. 

The  presence  of  mucue  in  the  feces  in  excessive 
amounts  is  a  common  occurrence.  It  is  usually  present 
in  moderately  excessive  rather  than  largely  excessive 
amounts  and  in  rather  small  strings  intimately  inter- 
mingled with  the  feces.  But  frequently  relatively  large 
quantities  may  be  found  on  the  surface  in  some  places, 
while  in  other  parts  there  is  no  excess.  Commonly,  too, 
the  microscope  shows  an  abundance  of  epithelial  cells 

T).  It  is  difficult  to  form  a  Judf^mont  on  this  point  which  takes 
account  of  the  nutrient  media  found  in  the  human  intestine  in  these 
cases. 

6.  The  presence  of  considerable  skatol  in  the  intestinal  tract  is 
apt  to  be  associated  with  a  strong  reaction  to  dimethylamidoben- 
zaldehyd.  This  reaction  is  strong,  however,  in  all  persons  who  eat 
meat  to  excess  and  such  excessive  use  of  meat  is  probably  the  ex- 
planation of  the  reaction  in  some  persons  with  putrefactive  dis- 
orders. 


in  Ihe  feces,  often  associated  with  mucns,  but  sometimes 
niiepeudeiitfy  distribntcd  through  the  contents  of  tlie 
intestine.  In  souie  instance!^,  particularly  where  there 
has  been  aiisociateil  streptococcal  infection,  I  have  found 
uu  abnndiiucf;  nf  epheroidiil  mag^es  of  nuclear  substance 
which  I  have  suspected  to  represent  leueocj-tes,  but 
some  of  which  were  probably  nuclei  derived  from  des- 
quamated epithelial  cells. 

In  the  early  stage  of  chronic  infection  with  putrefac- 
tive anaerobes  constipation  is  common.  This  condition 
is,  iovrever,  varied  from  time  to  time  by  diarrheal  seiz- 
iires  in  which  the  gas-holding  intestinal  contents  are 
ilischarged  in  large  quantities,  I  attribute  the  constipa- 
tion of  this  period  to  diminished  peristalsia,  due  to  im- 
paired innei'vation  of  the  gut  and  diminished  secretion 
of  bile  and  pancreatic  Juice.  It  is  often  possible,  even 
in  this  early  period,  to  determine  that  there  is  impaired 
I  secretion  of  free  hydrochloric  acid  into  the  stomach,  and 
it  appears  likely  that  with  this  there  is  associated  n 
diminution  in  the  intestinal  secretions. 

At  a  later  stage  of  the  affection,  usually  after  it  has 

I'Xisted  several  j-ears,  diarrhea  is  of  frequent  occurrence 

I  and  ie  significant  as  a  factor  in  bringing  about  a  dis- 

I  tinct  decline  in  weight  and  strength.    Usually  the  diar- 

1  rheal  movements  consist  largely  of  coceal  forms,  colon 

I  bacilli  and  anaerobic  putrefactive  organisms.    Relatively 

slight  iDdiscretions  in  diet  suffice  to  bring  on  diarrhea. 

This  sensitiveness  I  attribute  to  a  chronic  condition  of 

I   congestion  of  the  small  intestine  with  some  assoeiated 

desquamation  of  epithelium — a  condition  in  whieli  slight 

irritation  brings  on  a  temporary  increase  in  the  local 

ingestion  and  an  increase  in  peristalsis. 

Dr.  Houghton'  has  lately  made  what  I  regard  as  a 
significant  observation  in  a  patient  with  pernicious  ane- 
mia.   The  patient  suffered  with  very  marked  manifesta- 
tions of  intestinal  putrefaction   (which,  though  not  so 
1  described,  appear  to   me   to   point  unmistakably  to   a 
i  chronic   infection    with    anaerobes)    which   it   was   at- 
'  tnnpted   to   relieve   by   an   operative   procedure   which 
,  ^honld  permit  free  intestinal  lavage. 

At  o]icration  "the  peritoneum  resembled  one  subject 
5  a  low  grade  of  inflammation  without  exudate.     The 

7.  AppnreDr  Rei-Dver;  fi'oi 
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•..■iili.r  wii^  i!a!*k<r  :!;iin  n'Tiuii!.  cb»j  vesa^ls  injected,  and 
that  tis.sutr  itst'lf  very  oaeily  torn."  I  have  long  aii?- 
jn^ctn!  tlijit  -ui.h  ;i  L«'n«Iiti'"*n  is  a  common  occurrence  in 
pc-rs*.*!!-;  sutfi-rin:;  from  advam.-oi!  t'ornis  of  chronic  exces- 
-iviE-  int'.-^tinal  [jatr^-faotion.  and  now  believe  such 
rhr'»r,ir  i«»n;::->r:«»n  \vi!i  r-nni^^  to  ho  recojrnize*!  as  a  patho- 
I'"»L'i<:  ;*a*-t«-«r  in  iiianv  -m.-Ii  oii."?«.^>. 

It  i.*  n«»t  it:v  in::.nti«;'n  t-*  onter  ht:-rt:^  on  a  full  discu?- 
aion  <:ii"  :!:'■•  (.liiiicaL  iiianifu^tations  ^rf  otironic  >acchari- 
l>ut\T:o  piitrofiii.ri'.'n,  liut  ratl>}r  tn  enipha?i..c  such  bio- 
L-hemical  ff.ati::rs  r.[  the  crinilition  a>  are  at  present 
recoiniizabk-.  I  wi>h.  Iinwe.vor,  to  refer  brierty  to  certain 
ileranireiiii.-rit.-  "f  iht-  n^.-rv..;!-  >y-irem.  tlie  l)loo«l  and  the 
.L'*.*n'Ta!  niitritii'ii  tbat  may  In.-  rrLranN-vl  as  eh.aractorislic 
of  tliH  ;itf^Y-tion. 

CLINICAL  sir.ys   OF   EX«  ESSIVL   PUT  REP  ACTION'. 

Anionir  th».*  earl  its t  sign?  nf  t-xctssive  intestinal  putre- 
faction is  a  stattr  of  «lei.»:litv  which  is  usuallv  descril>e«.] 
as  lu/urasth'-nic.  Thv  ]»atit.uts  are  indisposed  for  work, 
especially  in  the  luorninns.  ilie  tension  of  the  pulse  is 
luw  and  fatigue  sets  in  quickly.  The  extreniitios  are 
usii;j!I\  Coil,  ;iiid  it  is  ••nlv  after  viiroD'us  exercise  that  a 
better  tJistribution  nf  blood  oeeurs.  It  appears  likely 
that  tiioe  synipt«>ins  are  in  a  measure  dependent  on  ane- 
mia iiJ"  tb»'  iHTVuus  .-y-.tt-m.  wliit-ii  in  its  turn  is  refera!»!<- 
to  int«>tina!  irritation.  «liie  to  the  mirro-oriran  snis  con- 
rern*;;!  with  til'-  iiif'ttii-n.  'rii»'-«'  neurastiienic  symp- 
Toiiis  ::r;!i!:;.i!;\  !i:iTi.;i---  an»]  may  ultimately  l»e  as>«i- 
ciat«-«i  wit:-  «-n!i-i:!i.ral»!t'  ir.'iitai  •lopn'ision,  r-ipeeially 
in  thn-i-ra-i-  wl'-n-  tln^  -arrl:aro-l»iityric  type  «»f  ])ntr«'- 
I'a't  «>n  i-  ;;--iM:at»M!  with  tiif  rormation  of  i-nnsi<!orablo 
•  plant it i'S  of  in<]«'l  ainl  tl;e  •'Xor«'ti'>n  of  iniliean  in  «:reai 
t\<«>>^.  Tlw  pu!.-''  i-  r'>miii'»nly  faster  than  normal  in 
iiiicnmplirat''!  eas»^-. 

'Hie  inllin.ncc  nf  rlir^nir  >a('iliaro-biityrie  putrefae- 
tiun  «»n  tin*  blon«]  I  have  (]iseu»eil  elsewhere,  especially 
in  \\<  rehition  to  st-vere  anrmia-.  It  is  onlv  nee<'ssarv  to 
-ay  h<'r<'  that  the  Inn_ir  pt'r>i>t»'nr«'  of  exeessive  saccharo- 
imtyrie  ]mt refaction  due  to  the  /*.  (nrot/rnt'^  capsufnin.'i 
is  followed  by  som*.'  deirree  of  am-mia  and  that  in  somt- 
instancjs  thi>  an«'mia  is  extn'me.  even  ])rescntin]^:  the 
indieation>  of  the  pernieious  type  of  the  disease.  Whilo 
I  have  he(  n  unable  to  brinir  forward  convincinti  proof 
that   the  sevrre   forms  nf  anemia   observed   in   cases  of 
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chronic  excessive  saccharo-butyric  putrefaction  are  due 
exclusively  to  the  agency  of  putrefactive  anaerobes,  I 
consider  that  certain  clinical  relationships  which  have 
been  observed  and  the  marked  hemolytic  action  of  the 
B.  atrogenes  capsulatus  point  to  the  latter  organism  as 
the  one  chiefly  concerned  in  bringing  about  a  degree  of 
blood  destruction  which  can  not  be  adequately  compen- 
sated by  the  blood-forming  organs.  A  not  infrequent 
association  of  chronic  infection  of  the  intestinal  tract 
with  the  gas-bacillus  is  an  infection  with  streptococcal 
forms,  and  where  this  exists  it  is  not  possible  to  say  to 
what  extent  the  lilood  destruction  is  due  to  this  asso- 
ciated infection,  since  some  of  these  streptococcal  forms 
possess  a  hemolytic  action.  Not  rarely  patients  develop 
a  slight  degree  of  cyanosis,  especially  noticeable  in  the 
extremities  during  cold  weather  or  early  in  the  morning. 
Even  in  the  absence  of  distinct  cyanosis  the  blood  may 
have  a  darker  appearance  than  normal. 

The  general  nutrition  of  patients  with  chronic  sac- 
charo-butyric putrefaction  gradually  suffers.  The  per- 
sistent character  of  the  diarrhea  in  the  advanced  stages 
of  the  disease  contributes  largely  to  this  result,  but  even 
where  exhausting  diarrheas  are  absent  nutrition  is  apt 
to  fail.  The  nutritive  failure  is  shown  in  subcutaneous 
atrophies  of  fat  and  connective  tissue  and  gradual  dimi- 
nution in  bulk  of  the  muscles,  which  sometimes  undergo 
fi!)rillary  tremors,  as  in  progressive  muscular  atrophies. 
These  are  changes  which,  for  the  most  part,  are  to  be 
expected  in  old  age,  and  it  is  true  that  a  premature 
senility  is  a  feature  of  chronic  saccharo-butyric  putrefac- 
tion. 

Having  sketched  the  leading  clinical  characteristics 
of  chronic  saccharo-butyric  intes^tinal  putrefaction,  T 
wish  to  speak  of  the  influence  of  the  chief  kinds  of  food- 
•^tuffs  on  the  course  of  the  fermentative  and  putrefactive 
aspects  of  the  process.  While  there  are  still  many  ques- 
tions regarding  the  influence  of  foods  on  intestinal 
])ut  re  faction  from  butyric-acid  forming  anaerobes  to 
which  no  answer  can  yet  be  given,  there  are  facts  of 
theoretical  and  practical  interest  which  stand  out  so  dis- 
tinctly as  to  merit  recording. 

THE   INFLUEXCE   OF   CARBOHYDRATES. 

The  putrefactive  anaerobe  which  attacks  sugars  with 
the  greatest  activity  is  B,  aerogenes  capsulatus.  This  or- 
gnnism    decom]mses    dextrose,    lactose    and    saccharose. 
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Ciis-iiroduction  is  in  each  case  rapid  and  abuDdant. 
Jloreover,  boiled  starch  is  inverted,  tbough  not  qnickly. 
The  presence  of  at  least  a  trace  of  sugar  appears  neces- 
sary to  initiate  the  growth  of  thi!>  anaerobe,  which  does 
not  iniiltipiy  on  sugar-free  media  containing  proteins  or 
Iirotcins  and  starch.  The  gas  formed  through  the  de- 
cnniposition  of  sugar  iri  mainly  hydrogen,  the  proportion 
of  this  gas  to  other  gases  formed  being  2:1  or  3:2.  Of 
the  other  gases  formeil,  carlion  din.\id  is  the  chief,  but  a 
little  methane  is  also  made.  Butyric  and  propionic  acid 
are  freely  formed  and  acetic  anil  even  valerianic  acids 
may  prolwbly  be  produced  in  traces'. 

I  consider  it  noteworthy  that  patient?  with  chronic 
saccharo-butyric  putrefaction  tolerate  carbohydrates 
badly.  In  the  early  stages  "f  the  affection  a  meal  rich 
in  carbohydrates,  whether  in  tlie  form  of  sugars  ot 
.starches,  ap[>i>ars  to  make  little  difference  (although 
(hero  is  some  evidence  that  the  sugars  give  rise  to  the 
moirt  disturbance)  causing  moderate  intestinal  flatu- 
lence, abundant  but  formed  stool:;,  smelling  of  butyric 
iicid,  and  perliaj**  also  an  inereaseil  frequency  in  mictu- 
rition. 

There  is  often  a  sense  of  drowsiness  or  dulness  after 
ini  excessive  carI)obydrate  meal,  but  seldom  headache.  In 
later  stages  of  the  affection,  when  the  general  nutrition 
liii.*  begun  to  fail  and  the  patient  falls  Ik-Iow  the  nor- 
iiiiil  weight,  there  appears  an  increasing  sensitiveness  to 
liirlioliyiirale  fnod  which  siiows  in  the  ])rnnipt  occurrence 
•  <(  diarrhea  aticl  intestinal  flalulfnet'  after  any  excess. 
Iiiileed,  there  conn's  a  time  when  carbohydrates,  even  in 
iiuinuuts  fliJit  wonld  lie  called  physiologic  and  moderate 
Um-  a  normal  miii].  ciiuso  di>tress  froTu  gas  and  soft, 
rililiony  sioots.  if  not  diarrhea. 

This  abnormal  sensitiveness  may  1r'  so  highly  dcvel- 
iiped  that  diarriica  iMronies  a  fivnin-ni  occurrence  and 
through  its  t'rei[ueiicy  makes  further  inroads  on  the 
.veight  and  strength  of  the  patient.  Under  such  circum- 
stances a  piv>noiLm-cd  restriction  iti  the  ([uantity  of  car- 
iKihydrates  becomes  imperative,  for  every  infringement 
■  it  n  rigid  dietary  is  jmiriiptly  followed  by  increased 
|)er!st»lsis,  abdominal  diseomfort.  unfiirmetl  movements 
or  watery  diarrhea.  Soiuctinics  diarrhea  promptly  fol- 
lows the  error  in  diet,  in  tlie  course  of  a  few  hours,  but 
more  often  there  c!a|ises  a  period  of  twelve  to  eighteen 
or  twenty-four  hmirs.     In  the  period  following  the  ex- 
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e  of  ?ugnrs  or  starches  and  before  the  onset  of 
informed  movements,  tho  suOjeet  of  this  affection  mwy 
_  Income  lethargic  or  even  prostrated  to  such  an  extent  a^ 
to  feel  quite  iinlJsposed  for  work  or  exercise.    I  am  dis- 
posed   t'l   attribute   this   temporary    gtate   of   letliarpy 
(which  may  he  only  an  exaggeration  of  the  habitual 
.  condition)  to  the  increase  in  the  ehrnnic  congestion  of 
^the  inteHtinal  mneosa,  which,  as  already  mentioned,  I 
B  to  be  a  ii§ual  feature  of  the  pathologic  process  in 
Pits  advanced  stage. 

I  consider  the  clinical  phenomena  just  described  as 
best  explicable  on  the  supixtsition  that  there  has  been 
an  upward  invasion  of  tlie  small  intestine  by  the  gas- 
tbacillufi,  although  at  the  present  time  1  have  no  proof 
Ktsed  on  early  autopsies  that  this  is  actually  the  case  in 
The  presence  of  excessive  nnmbers  of  gas-bacilli 
a  the  feces  in  diarrheal  stools  gives  no  positive  indica- 
ition  of  the  level  of  the  intestine  at  which  they  have  ae- 
avely  multiplifd,  but  in  connection  with  the  free  formii- 
raion  of  gas   in    the  small  intestine  after  carbohydrnk' 
mahes  it  reasonublo  to  believe  that  these  organisms 
Esre    actively    engaged    in    fermentative    decomi>o«ition 
l^bovc  the  ileocecni  valve,  since  no  other  bacteria  found 
1  the  stools  of  these  patients  possess  a  gas-making  ca- 
pacity at  all  comparable  with  that  of  B.  nrrogetip.v  rap- 
Klatiis. 
There  is  probaldy  little  simultaneous  bHcteriai  attack 
'on  the  pvoteid  food  in  the  small  intestine,  for  the  ga'-- 
hacillns  acts  preferentially  on  the  carbohydrates  of  the 
food.  JTeverthcless,  free  multiplication  on  rarbohydrntc? 
prepares  suitable  eonditions  for  subseqwent  putrefaction. 
.  the  gfis-bacillns  decomposes  proteids   more  actively 
^hen  carbohydrates  gradually  become  scarce.     Unle^^s. 
[herefore,  the  intestine  Ire  relieved  of  its  proteids  by  (he 
icurrenee  of  diarrhea,  gas-bacillus  fermentation  in  the 
mall  intestine  facilitates  putrefaction  at  lower  levels. 

The  maintenance  of  a  strongly  acid  reaction  is  an- 
tagonistic to  putrefaction,  but  alkali  may  bo  derived  in 
nifficient  quantity  from  the  succus  entericus  of  the  piin- 
Icreatic  juice  to  neutralize  sndi  volatile  fatty  acids  na 
leil  to  be  absorbed.  When  the  reaction  of  the  intestine 
■pproaches  neutrality  to  litmus  the  decomposition  of 
oteid  begins.  This  proteid  decomposition  yields  both 
Bityric  acid  and  ammonia,  and  the  latter  may  lie  sntfi- 
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cicntly  abundant  to  establigh  a  neutral  or  even  slightly 
alkaline  reaction. 

In  the  advanced  stages  of  chronic  saccharo-but^Tic 
putrefaction  there  is  developed  a  marked  sensitiveness 
of  the  digestive  tract  to  acids,  which  may  lead  to  diar- 
rhea. The  digestive  tract  may  become  so  intolerant  of 
acids  that  ordinary  moderate  quantities  of  kumyss  or 
bacillac  or  zoolak  cause  increased  peristalsis  or  diarrhea 
owing  to  the  lactic  acid  they  contain.  An  equal  volume 
of  water  may  stimulate  peristalsis,  hut  does  not  cause 
diarrhea.  The  intolerance  to  fruits  which  exists  in 
these  patients  is  due  in  part  to  the  organic  acids  the\ 
contain,  but  in  part,  of  course,  to  tlieir  content  of  carbo- 
hydrates which  yield  butyric  and  other  volatile  fatty 
acids.  Indeed,  the  intolerance  of  this  group  of  patients 
to  carbohydrates  in  general  is  probably  to  be  interprete<l 
as  an  excessive  sensitiveness  of  the  mucous  membrane 
of  the  small  intestine  to  the  organic  acids  formed  from 
carl)ohydrate  cleavage. 

It  is  perhaps  hardly  necessary  to  add  that  this  sensi- 
tiveness (due  to  chronic  inflammation)  expresses  itself 
also  in  an  intolerance  for  mechanical  irritants,  such  as 
cellulose,  the  seeds  of  berries,  etc.  In  some  instances 
of  this  affection  the  mouth  quickly  develops  an  acid  re- 
action from  the  use  of  carbohydrates.  This  is,  however. 
(hie  to  other  varieties  of  bacteria  than  the  gas-bacillus 
nnd  does  not  appear  to  be  a  constant  occurrence.  More- 
r»v(T,  this  excessive  acidity  of  the  mouth  after  taking 
>nirar  niav  Ix'  ojjscrved  in  ])orson.<  who  do  not  show  anv 
dcfiniti'  indications  of  the  safcliaro-l)utyric  type  of  intes- 
tinal ])ntr('fa(tion. 

IXFLUKXCE  OF  FATS. 

The  c'll'ect  of  fat  on  the  course  of  the  saccharo-butyric 
])i-();('ss  in  the  intestine  has  received  little  consideration 
and  is  at  present  only  imjuTfeetly  nnderstood.  The  fact 
that  neutral  fats  are  relatively,  re.<istent  to  tlie  cleaving 
action  of  bacteria  leads  one  to  su])]iose  that  they  play 
an  nnini|)ortant  part  in  digestive  disturbances  character- 
ized by  excessive  fermentation  and  putrefaction.  On  the 
other  hand,  there  is  clinical  evidence  that  in  manv  dis- 
orders  of  digestion  the  fats  are  not  well  tolerated.  The 
chief  manifestations  of  such  intolerance  are: 

1.  A  tendency  to  nausea  or  regurgitation  (especially 
in  children)  or  even  vomiting. 


AMnmiiifil  iJi^coinT'irt  referred  to  the  intestine. 
,  An  impaireil  ali?«r[iti<>ii  of  fat  from  thi-  inlestir 


tract. 

Any  or  all  of  tliwc  msnifpt^tations  may  \jc  observed  in 
cases  of  eaceharo-butyrie  imtrefnetion  after  a  meiil  rleli 
in  fats,  but  none  nf  them  can  be  rcRanled  bh  in  any  way 
eharaclerislie  nf  tbe  process.  It  sbould,  howerer,  be 
stated  that,  nltfionnb  fxaet  fal  inei^lmlifrn  experiments 
are  as  yet  wanting  in  cases  of  well-<lef5nefl  sacchnra- 
Ijutyrie  imlrefat'tinn.  there  is  considerable  clinical  e^■i- 
(lence  to  show  that  even  where  moderate  quantities  of 
fat  are  ingested  many  persons  suffering  from  this  putre- 
factive disorder  show  a  larger  percentage  of  neutral  fal.'i 
and  fatty  acids  in  the  feces  tlian  is  the  case  with  normal 
pt^rsong  on  a  similar  diet.  This  holds  true  even  when' 
there  is  no  increase  in  peristalsis,  to  which  diminished 
fat  ahsorption  might  reasonably  be  ascribed.  The  neces- 
sity for  accurately  condncted  metabolism  experinients  in 
siieh  cases  is  evident. 

In  relation  to  tlie  saecharo-bntyric  type  of  putrefac- 
tion there  are  two  questions  in  reference  to  the  destiny 
of  the  fats  which  arise  prominently:  First,  how  do  the 
putrefactive  anaf?robes  act  on  neutral  fats  in  regard  to 
their  cleavage  into  fatty  acids  and  glycerin,  and,  second, 
what  is  the  influence  of  the  fats  on  the  anaerobic  putre- 
faction of  proteids? 

THE  TECHNIC. 
In  order  to  determine  tlie  fat-splittinp  Hction  of  various 
iatntinal  baeteriu  on  ncutrnl  Cats,  ii  niimticr  of  ob»en-ation» 
were  mndv  on  media  contninini;  a  sample  of  olive  oil  eontaininc 
leaa  than  1  p«r  cent,  of  free  fatty  Hcide.  in  the  earlier  experi- 
mcntn  made  the  meiltitm  ronai^tad  of  50  r/-.  of  peptone  bouil- 
lon, za  gm.  of  olive  nil,  20  gni.  of  ground  ttoiled  be«f,  100  c.c. 
01  water  and  a  larfie  excess  of  mieium  mrbonate.  A  flask 
eontaining  this  medium  wan  inoculated  with  feeal  emulsions 
pontaining  on  ntiimdanee  of  fl,  'iri-oarrita  eaptulataa.  This 
feral  mat«riai  wni  from  a  doK  in  whicli  the  biliary  and  pan- 
CTMtie  duets  hud  been  reseeted  and  «hieh  showed  evidence  of 
greatly  exc^aaive  intestinal  pntrefartion.  A  second  tlaslc  was 
inoculated  with  a  feoal  emulsion  from  n  do^  with  a  shortened 
large  intestine,  but  olherwiMi  normal,  fed  on  meat.  A  third 
flask  was  inoculated  with  human  feeal  cmubion  containing 
an  abundancr  of  B.  ocru^cnri  ritpiuUitu^.  The  period  of  in- 
cubation was  forty  honrs.  The  first  flask  contained  46  per 
fWt.  ol  frre  fatly  add*,  Ihc  nciimd  :i7  per  cent.,  and  thi'  third 
'   20  per  oetii. 
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A-*  i;  '-^»*  >it>>-ir*»ii  rij  ^x*>nil  thii<H*  obf^«»rvacioiu  Co  a  greater 
vari^tv  of  f'iar:p>rU.  nnorher  <M»ries  of  culture*  wms  made.  In 
fhi«  •^►ri*^-  th»*  m^^ii'ira  *•)  <»n;pIoyefi  was.  for  tbe  sake  of 
rftnvp-nifi-n*^*^.  n^i^i  in  :•*-»" -t^jhe'?  in«tea<i  of  flasks.  Each  test- 
tnhti  contained: 

OIlT»  oil   2 

P*>pron-bonill'in    7   c.c. 

Boi!^  beef   •  ipronntl r.  yni 

«.'aii.-iam  carboiiac<='     I  gm. 

[n  aiMition  to  the  ^^ntrol  t:iV.e*.  luYi^  inoculated  a<¥  follow* 
wfTH  pla^^l  in  the  inru^»ator:  I.  Tubes  ciintaining  fecal  »us- 
fw-n^ior.^  nf  ^AiiTfrij.  ar.'.>  !:j  v,  iiii-ii  /f.  «i»r'.j7»ii*.<  **ii*uul*ttuM 
wa^  ahrin'lant.  th*-  fecal  n-.^teriiil  ha^in^  been  heated  to  SO  C. 
i'iT  20  m  in  lite*  to  «leftr'_v  vp^^-'ativp  ii>rni«;  2,  heate«l  feoal 
■»u*p«*n-i'.n-  frrini  anoth^'-r  '•ir'ij»-rr..  ■i.i:i:;iinini;  B.  n»-t-r,n»  h»a  *fif,- 
^ulatuJif  but  in  -mJllI^•^  n'lm^n-r-  ■  thi-  iii  ir»*ri-.il  vra*  a\-<»  hKritri 
To  dn-trfiv  \t.2**iativi>  forin- ■  :  'J.  i»H^al  -ii-ji^n^ion*  from  ni>rni.i! 
f»r«iwt-f<.fi  rhild.  iinheatf^I:  4.  If.  ^oU  t^^itimuni^  i  New  Vi«rk 
Mf-alth  lUtitT'i  •t^T'-k  .  :  .'».  I'.  pufririntiM  >  Hi^•notlH-k  >  •■!it:iin»il 
from  Krai. 

Th<^  rcfieate«lly  -terilizt-d  ni»**lia.  after  inoculation  with  the 
u\ift\»-  iDiit^rial.  ufT»*  in<iil»ati*«i  for  40  hours.  In  all  ca<es 
rh<*re  u-a<i  «onie  «eparati«m  nf  lluid  into  layer*  with  an  oily 
laver  of  varvin"  thir.-kne**  at  the  -iurface.  The  inoculatetl 
tiilK-.  al-jo  -.howe'l  a  varyinjr  quantity  of  yellowish,  cream-like 
iiiat«TiaI.  The  tulics  ino<-iilated  with  human  fecal  emulsion* 
all  hail  a  pun;:ent  putrefactive  wlor  with  a  somewhat  sick- 
«'nin;r  -wr-r-ti.*!!  quality.  The  '"Mlnr  from  the  culture-free  ma- 
terial from  the  brfa^^t-fcd  ohijil  wa«  slight  and  rather  ammo- 
iiiiHii!;  lUo  tuloi  frniii  tin-  H.  mli  inoculation^  was  faini  ami 
-Ii;.'litiy  ]»utr«'f}utiv»' :  tli»*  iulm-  innn  tin*  fi.  putri^rus  tn<iru1 1 
♦inn-.  \\i\^  nioiI»T;it<'ly  jiutr»*f':Kti\«'  with  a  slijrhtly  ^woeti-h 
'jiiiility  :in<i  Tint   iinirnoniucal. 

.\ttir  iTi'ii!;:itiiin  ihi-  int  wa*  «*.\tiact»'<l  i  though  not  coni- 
]t\*-u-]y  t  liv  r«-p'MT»'.l  ^hakiiiL'  witli  otli*T.  Tii»»  ethereal  extraot 
'•■ii-  lilTiT«'d  tlirnii'jli  :il)-.ip|}n'iit  rnitnn  to  loiinivo  wlijli-.h  ]>ar- 
ti'I<'«  -ii-.|.«'nili*i|  ill  tIh'  <'Xti;u't.  Tlif  «"t|j«'n»Ml  extract  wa-*  then 
.\ii-ln'(|  uith  alMiiit  nn«'-qiiart<'r  il^  vtilunn-  nt  water  to  n*- 
iiin\*.  a<-i(l-  otluT  tliaii  lalty  a<'i«U.  Tlic  ethereal  extract  wa«; 
pla'-f''!  in  \\«'ii»lHM|  v<— -^rK.  rvaimiatnl  t(»  «lrynes>  in  tin* 
watiT  oven  arul  \\<'i«;li»*(|,  and  then  ilissDlved  in  boiling  aIcoh«»I 
and  titrated  with  a  deeinnrnial  aleohnlic  solution  of  potash 
witli  plien(il|ditliali'iii  as  an  indieatnr.  In  <-ases  where  some 
insnluble  iiialerial  niiavoidablv  t<Mnid  it>  wav  into  the  ethereal 
•■xtiaet.  tin'  ve--;i'I^  were  dried  an«l  wei;»li(»d  aj;ain  for  the  cor- 
reetinn  of  tlii«^  error  after  throwing'  out  tlu»  substance  soluble 
in  <dher.  Thi*  re-^ults  showed  that  in  the  tul)es  inoculated 
with  Ininian  fecal  eniuNions  tin-re  had  })een  a  hij;h  cl'»n:ree  of 
fat  ^iplittinj:  in  one  ea<e  7J  per  cent.;  in  a  (lu]dieate.  r>0  per 
cent.:  in  a  -eeond  ea«^e.  77  per  cent.  In  the  tube  inoculattMl 
with  the  fecal  j'xtraet   from  llie  breast-fed  cliibl  the  percentajr«» 


I  o(  (nlty  oi'UIh  whs  4.2  pi-i'  wnt.  Id  the  lulws  inovuIoM 
with  colon  bacilli  aiti]  witli  B.  putri/iciu  alunc,  Lhti  quantities 
o(  fntty  ai-idn  re«>vff«l  werf  lesa  lliitn  2  \wt  eenX.. 

THE    BESULTS   OBTAIXED. 

These  r«u]ts  indicntr  tliat  ttit  human  intestine  may 
contatn  spore-forming  bacteria  capable  of  splitting  olive 
oil  to  u  very  large  extent,  In  llie  case  of  the  human 
material  employed  for  iuoCTilutiim,  it  is  reasonable  to 
suppose  tliat  the  spore-forminp  pulrefnctive  bacteria 
were  responsible  for  the  high  degret-  of  fat-Bplitting 
obserred.  This  fact  is  the  more  notoworthy,  as  previous 
observers  have  fotmd  that  the  human  feces  in  twenty- 
four  hours  split  the  fat  from  butter  or  milk  to  a  con- 
siderably less  extent  (8  to  12  per  cent,  in  experiments 
by  Pr.  Mailer).  It  has  been  suppo^i-d  by  some  writerB 
that  the  high  degree  of  fat-splitting  observed  in  the 
human  inttstine.  despite  the  exclusion  of  the  pancreatic 
;e  and  Ihc  liile.  may  be  in  part  referwhle  to  a  inearious 
secretion  of  pancreatic  enzymes  into  the  small  intestine. 

In  view  rif  the  results  altove  re[>orte(I,  Iliis  explanation 
appears  to  me  quite  unnecessary  to  accoimt  for  the  de- 
gree of  fat-splitting  that  has  been  observed  in  human 
subjects  from  nlioee  intestinal  tracts  the  biliary  and  pan- 
cpeatio  secretions  have  been  shut  out  by  disease.  In  this 
connection  I  may  say  that  in  a  dog  from  which  the  pan- 
creatic juice  and  the  bile  hat!  been  completely  shut  out, 
»  high  degRV  iif  fa1-*plitting  was  observetl  abtrvc  the 
middle  of  thi-  large  intestine  where  putrefaction  was 
extremely  active.  At  the  present  time  I  have  not  made 
observations  with  pure  cultures  of  B.  aerogenes  capsu- 
liiliui,  but  tJns  organisni  as  well  as  11.  pulri/inii,  which 
in  the  experiments  just  noted  formed  so  little  fatty 
iicid.  is  liable  to  grow  jioorly  in  the  medium  employed 
unless  this  has  been  enriched  witjj  substances  of  intes- 
tinal origin. 

In  regard  to  the  influence  of  fats  on  putrefaction  in 
the  human  intestine.  1  know  at  present  of  no  ivliable 
clinical  observations.  I  can  only  say  cm  tins  point  that 
patients  on  a  mixed  diet  containing  fat.  who  have  shown 
uu  excess  of  ctbcrea!  sulphates  and  nf  indicun  in  the 
urine,  liave  shown  a  diminution  in  the  excretion  of  these 
putrefactive  products  when  the  carbohydrates  of  the 
diet  have  Iwcu  in  a  considerable  degree  substituted  by 
fata  of  low  melting  point  fthat  is  butter,  milk  or  meat 
fat).     One  can   merely  say,  therefore,  that  moderate 
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(luantitics  of  fat,  when  taken  with  proteids,  probably  do 
not  increase  the  intestinal  putrefaction  in  a  significant 
way.  It  is  possible,  however,  that  the  case  may  be  dif- 
ferent where  very  large  quantities  of  fat  are  taken  to- 
<iether  with  proteid.  The  introduction  of  large  quanti- 
ties of  fat  into  the  intestinal  tract  may  confidently  be 
expected  to  hinder  mechanically  the  resorption  of  pro- 
teid food,  and  on  this  account  to  favor  putrefactive  de- 
composition if  considerable  numbers  of  putrefactive  bac- 
teria be  present. 

The  following  experimental  observation  may  be  re- 
corded as  bearing  on  the  question  of  the  influence  of 
large  quantities  of  fat  on  intestinal  putrefaction  where 
the  bile  and  pancreatic  juice  have  been  effectively  ex- 
cluded from  the  duodenum. 

A  dog  weighing  7  kilos  was  subjected  by  Dr.  Carrel  to  an 
operation  for  resection  of  the  bile  duct  and  pancreatic  duct. 
The  animal  recovered  wholly  from  the  operation,  though  de- 
veloping jaundice  and  cholemia.  Six  weeks  after  the  opera- 
tion, the  animal  being  in  apparently  good  health,  it  was  sub- 
jected to  experiments  in  diet.  The  first  of  these  experiments 
consisted  in  ])lncing  the  animal  on  a  diet  of  milk  and  bread. 
On  this  diet  the  feces  were  extremely  fatty  and  had  a  strong 
odor  of  fatty  acids,  especially  of  butyric  acid.  Distillates 
from  the  intestinal  contents  showed  only  the  faintest  trace  of 
indol.  no  skatol  and  no  phenol.  The  urine,  on  repeated  exami- 
nations, was  entirely  free  from  indioan.  This  animal  received 
two  (jiinrts  of  milk  <lnily  and  vnrvinjr.  thoiiph  considerable. 
(luaiititio'S  of  bread.  On  this  diet  the  animal  was  lively  and 
a|»)»an'ntly  well.  After  a  jieriod  of  two  weeks  it  was  placed  on 
a  diet  consist  in;;  of  one  pound  of  meat  with  from  one  to  two 
ounces  of  meat  fat.  The  feces  were  either  neutral  or  after  a 
few  hours  slioljtly  ainnioniacal.  They  contained  an  abun- 
<l.'ii(<'  of  fat.  ^lici-o-or;ianisnis  of  the  li.  (irrofinirs  cnf^sulatus 
t\|M'  weic  moderately  hut  not  extremely  abundant,  but  were 
more  numerous  than  iru  the  milk  feces.  Distillates  from  t!>e 
frets  nave  niod("rat(»  indol  reaction,  a  trace  of  phenol  and  no 
-k  itol.  The  iirinc  reirularly  jravt*  stron;;  indican  reaction.  The 
animal  a|)]»eared  entirely  well  on  tliis  diet,  whicli  was  main- 
tainecl    for  over    two   weeks. 

It  was  then  placecl  for  six  days  on  a  diet  of  y^,  lb.  of  moat 
dail\.  On  ti;is  djot  the  feces  were  scantier  than  before,  lipliter 
in  (olnr  and  firmer.  Distillat<"^  from  tlu'  fec<»s  showed  the 
|trt->(  im-  i)i  indol  in  considerable  amounts,  no  skatol  and  merely 
ti:H<-  of  |»h(nol.  The  indican  of  the  urine  was  considerable. 
nllimuiih  perhaps  somewhat  Icss  than  when  on  a  diet  contain- 
ini:  nnr  j^onnd  of  meat  daily.  The  observations  made  up  to 
Ihi-  point,  tlicieforc.  indicated  that   the  animal  did  well  on  the 
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diet  of  milk  and  bread,  on  the  meat  diet  containing  consid- 
erable fat  and  on  the  more  restricted  meat  diet.  Immediately 
following  the  period  of  restricted  meat  diet,  the  animal  was 
given  one-half  pound  of  meat  and  in  addition  one-half  pound 
of  meat  fat.  The  meal  was  given  in  the  morning.  Early  the 
following  morning,  within  twenty-four  hours,  the  animal  died. 
The  cage  was  found  very  mucli  chewed  and  this  was  taken  to 
indicate  that  the  animal  had  been  in  pain.  There  was  neither 
diarrhea  nor  vomiting. 

At  autopsy  it  was  found  that  the  entire  digestive  tract,  es- 
])cciany  the  small  intestine,  was  intensely  congested,  and  there 
was  associated  edema  of  the  lungs,  making  it  probable  that 
death  was  induced  by  heart  failure  from  a  pathologic  accu- 
mulation of  blood  in  the  portal  area.  The  entire  small  intes- 
tine was  filled  with  a  grayisli  material  with  an  odor  suggest 
ing  fatty  acids  and  with  a  slightly  sweetish  quality.  The 
duodenum  and  upper  jejunum  contained  large  quantities  of 
mucus,  in  part  intimately  mixed  with  the  fatty  contents  and 
in  part  lining  these  portions  of  the  intestines.  Without  en'ter- 
ing  into  details,  it  may  be  stated  that  the  intestinal  contents 
even  above  the  middle  of  the  small  intestine  and  in  the  unper 
part  of  the  jejunum  contained  indol  in  abundance,  as  shown  by 
the  distillates  from  even  small  quantities  of  this  material  when 
tested  bv  the  dimethvlamidobenzaldehvd  reaction  and  the 
jS-naphthalquinon-monosulphonato  test.  Phenol  was  detected 
only  in  traces.  ITydrogen  sulphid  was  also  abundantly 
formed. 

The  material  obtained  from  the  upper  part  of  the  small 
intestine  where  this  intense  ])utrefaction  was  going  on  was 
sliown  to  contain  B.  aerogeiies  capsulatus  in  abundance  and 
small  doses  of  it  proved  characteristically  fatal  to  guinea-pigs 
when  subcutaneously  injected.  The  lower  part  of  the  intes- 
tine also  contained  indol  in  great  excess.  It  is  to  be  regretted 
that  the  many  studies  which  it  was  necessary  to  make  on  this 
animal   within  a   short  space  of  time  made  it   inconvenient  to  • 

make  a  quantitative  determination  of  the  indol  for  the  entire 
<ligestive  tract.  The  indol  reactions  obtaine<l  in  small  quan- 
tities of  fecal  material  were,  however,  more  intense  than  from 
similar  material  on  the  earlier  diet.  The  indican  reaction  of 
the  urine  was  extremely  intense. 

Whatever  interpretation  may  be  placed  on  the  occur- 
rence of  death  after  the  addition  of  fat  to  the  meat  diet.' 
there  can  be  no  doubt  whatever  that  the  enormous  in- 
crease in  intestinal  putrefaction  which  was  observed  in 
this  case  was  dependent  on  the  addition  of  so  large  a 
quantity  of  fat  to  the  meat,  since  in  preceding  periods  a 
diet  consisting  of  moderate  quantities  of  fat  and  twice  ^ 

as  much  meat  daily  gave  ri^e  to  no  symptoms  whatever. 
It  appears  that  in  this  instance  the  addition  of  the  abun- 
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W*  BW  almost  without  knowledge  regarding  the  in- 
flucnre  of  the  conslitulioii  of  different  proteins  on  llie 
iht*»inipo8ition  products  that  result  from  the  action  of 
putrefactive  aniierohes,  and  this  gap  is  one  whicli  it  is 
vcrj-  liesirablo  to  fill  hy  future  studies.  Proteins  wliich, 
liko  cusein.  yirld  tryptophan  abundantly,  may  confidently 
be  expected  to  yield  indol  freely  in  the  presence  of  indol- 
forming  bacteria."  Thu  chemical  conditions  nmler  which 
putrefactive  Hnaerohea  give  rise  to  skntol  rather  than 
indol  are.  an  already  mentioned,  slill  unknown.  The 
nb^cnce  of  the  tryptophan  nucleus  in  gelatin  explains 
the  failure  of  this  substance  to  yield  inilol  on  putrefac- 
tion. A  better  knowledge  of  the  putrefactive  products 
from  casein,  from  egg-albumin,  from  scrutn-albuniin. 
from  myosin  and  from  gliadiu  (each  of  which  yields 
distinctive  proportions  of  varioiie  amino-acids  on  hy- 
di-uEytiis)  is  likely  1o  prove  helpful  in  enabling  physi- 
cians more  intelligently  to  control  various  types  of  pu- 
trefactive decomposition." 

One  fact  of  practical  aignilicance  stands  out  plainly 
with  reference  to  the  use  of  proteid  food  in  casee  of  aac- 
charo-butyric  putre faction,  namely,  that  it  is  very  com- 
mon in  this  condition  to  find  in  the  feces  considerably 
more  unutilized  proteid  than  is  found  in  normal  persons 
of  the  SHiiif  weight  and  on  the  saine  diet.  There  is,  in 
other  words,  a  diminished  power  of  re«irplion  of  pro- 
teins atlributable,  I  lielieve,  to  the  slight  or  marked 
chronic  enteritis  of  which  I  have  found  evidence  in  cases 
of  chronic  infection  from  B.  afirogenrs  capsulaiw. 

In  consequence  of  this  diminished  power  of  absorp- 
tion, considerable  proteid  finds  its  way  into  the  region 
in  which  the  putrefactive  anaerok's  are  moat  numerous 
— the  lower  ileum  and  the  colon.  This  condition  calls 
for  notice  by  the  physician  and  makes  if  incumbent  on 
him  to  endeavor  to  reduce  the  proportion  of  unabsorbed 
proteiug  that  find  their  way  into  the  colon.  There  are 
three  principal  wini^  in  which  this  improvement  may  he 
attempted  with  reasonable  hope  of  s 
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1.  By  reducing  the  quantity  of  the  protein  of  the 
food. 

2.  By  alternating  the  character  of  the  protein  ingested. 

3.  By  means  which,  like  physical  and  mental  rest, 
improve  the  absorption  of  foodstuffs  and  at  the  same 
time  diminish  the  protein  requirements  of  the  organism. 

On  the  other  hand,  there  is  no  more  certain  wav  of 
increasing  the  multiplication  of  the  putrefactive  anae- 
robes in  the  colon  than  by  permitting  the  use  of  a 
large  quantity  of  protein,  provided  the  carbohydrate 
food  be  not  simultaneously  reduced.  But,  since  the 
putrefactive  anaerobes  of  the  intestine,  with  the  excep- 
tion of  B.  puirificiis  (Bicnstock),  do  not  energetically 
decompose  native  proteids  in  the  alisence  of  carbohy- 
drates, it  is  perniissil)le  for  short  periods  to  give  a  gen- 
erous allowance  of  protein  food,"  if  at  the  same  time 
carbohvdrates  be  absolutelv  excluded.  Under  these  con- 
ditions  an  amount  of  meat  can  be  taken  with  diminisli- 
ing  intestinal  putrefaction,  which,  under  the  free  use 
of  carbohvdrates,  would  certainlv  lead  to  an  increase  in 
the  putrefactive  products  in  the  intestine  and  in  the 
urine. 

In  all  severe  cases  of  excessive  saccharo-butyric  putre- 
faction a  strict  diet  of  egg-albumin,  minced  beef  and 
water  may  be  recommended  from  time  to  time  for  a 
period  of  forty-eight  hours,  with  considerable  confidenco 
tluit  it  will  cause  a  diminution  in  th(*  formation  of  pu- 
trefactive^ sul)stanoes  nud  a  roincideiit  alleviation  of  tin- 
various  symptoms  liable  to  attend  this  j'jroooss.  This 
holds  true,  notwitlistaudinii'  that  in  trcncral  tlie  foruia- 
liou  of  indol  is  uiore  likelv  to  occur  on  a  diet  contain- 
in;r  uieat  ])roteiu  than  on  a  di(^t  containing  milk.  The 
oi)jeciion  to  milk  in  severe  exacerbations  of  saccluin)- 
hiitvrie  putrefaction  arise-  from  the  sui^ar  which  it  eon- 
tains.  If  on  a  meat  and  (»;i^-albumin  diet  the  indican 
does  not  diminish  in  consecjuenee  of  better  resorption 
and  owin;!  to  some  inhibition  in  th(»  multiplication' of 
anaerol)ie  bacteria,  then  milk  ])reparations  should  be 
tried  in  which  the  sugar  has  been  removed  by  lactic  acid 
fermentation. 

In  any  consideration  of  tln^  ])utrefaction  of  proteids 
in  the  intestiiu^  through  the  airencv  of  /■>.  nrrof/mrs  rnp- 
sn/dhis  or  other  anai'rohes.   it   is  desirable  to  touch  on 
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the    therappnlic    use    of    certain    haLtevial    antagonistp 

wliicU  hiive  lately  been  somewhat  insistently  reconi- 
mciidot)  in  disor'lers  of  digestiou,  The  iilod  lias  ling 
bfeii  i-tirnTit  Hint  tlie  fer  men  tat  ion  of  eariwhydrok's  has 
an  inliiliilory  action  on  putrefaetion  owing  to  the  acids 
fiimR'ii.'-  '['his  iilfa  is  juslifiwi  in  i-o  ffir  as  it  is  tnic 
that  the  j)reBencf  of  ooiieiderahli'  free  arid  is  in  geuem! 
unfavornlde  to  putn-fnction,  whicli  jirocewle  most  rupid- 
iv  whurc  tlHTo  is  uvnilahlu  nUcali  for  tin?  ncntrnllznlion 
of  acid.  But.  a»  pointed  out  in  the  preceding  pajres.  it 
b-Cot  impofsilik'  for  piilrcfaction  to  prtid'cd  unerprHc- 
'  1  Bpif  "f  fhu  distinctly  aiiil  react;on  in  tJii*  »iiimI[ 
^8tine. 

TUE  CLINICAL  VALUE  OF  THE  LACTOBACILLUS. 

B'be  widespread  use,  in  dige^tivi'  rlisnrders,  of  milk 
t  has  undergone  lactic  acid  femicntntion  is  based  on 
^trioal  diuical  observations  and  on  ihe  belief  that 
'.  producta  in  somt-  way  Ijetter  tho  bacterial  condi- 
s  in  the  intcstinul  tract.  Within  the  past  year  i'\- 
ikvagant  claiiiip  have  been  riiiidt!  iu  respeet  tii  the  bcne- 
fieial  reenlls  to  Ik.-  expected  in  digestive  (lisorder?  from 
the  iise  .if  milk  fi'nn.-nte.l  «-ilh  Metehnikoll's  lacto- 
bacilhis"  or  from  the  nse  of  pilis  made  from  this  lactie- 
'i-formiiig  barilhiB.  I  have  for  nmnv  vears  used  fcr- 
"  nilks  ill  the  treatment  ..f  putr'-faclivr  disorders 
1  hare  lalhTK  uiade  a  niimher  of  i.'\|ierim'.'nt3  with 
i  fcrraentiMJ  with  Mclchnikor?  laciobaeillus.  'While 
ive  not  yet  a  sufficient  number  nf  observations  on 
man  beings  to  justify  rne  in  making  n  spi<cific  criti- 
Pm  iif  tlu'  laetobrteiHus  milk,  Ihfre  lire  some  fealitres 
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attendiug  the  use  of  the  preparation  which  emerge 
clearly  from  the  experiments  already  made  and  which  I 
wish  to  mention  here  for  the  reason  that  they  may  serve 
the  purpose  of  averting  some  therapeutic  disappoint- 
ments based  on  misconceptions  regarding  the  theory  of 
the  action  of  lactic-acid  bacilli  in  putrefactive  intestinal 
disorders/* 

Tlie  lactobacillus  is  an  exceptionally  active  producer 
of  lactic  acid,  and  milk  that  has  been  fermented  by  it 
for  two  days  at  body  temperature  is  so  strongly  acid  as 
to  render  it  repellant  to  many  persons.  A  shorter  period 
in  the  incubator  yields  a  product  that  contains  less  acid 
and  is  more  palatable.  If  milk  thus  fermented  be  fed 
to  a  dog  in  which  the  ileum  passes  directly  into  the  sig- 
moid flexure,  the  feces  will  be  found  to  have  a  slightly 
acid  reaction  and  to  posfsess  the  peculiar  glutinous  con- 
sistence characteristic  of  the  milk  itself.  Moreover,  by 
suitable  cultural  procedures  the  large,  dominant,  Gram- 
positive  bacilli  found  in  the  intestinal  contents  in  large 
numbers  can  be  shown  to  be  the  lactobacilli  of  the 
milk.^'  These  bacilli  have,  therefore,  not  merely  pre- 
served their  morphology  in  the  passage  through  the 
tract,  but  at  least  some  of  them  are  still  viable.  More- 
over, if  the  ethereal  sulphates  of  the  urine  be  studied  in 
dogs  thus  fed,  as  was  done  by  Dr.  Baldwin  at  my  re- 
quest, it  will  be  found  that  the  sulphates  are  excreted  in 
very  small  amounts.  1  do  not  consider  it  proven  that 
the  ethereal  sulphates  are  lower  in  normal  doge  fed  on 
lactobacillus  milk  than  in  doo;s  fed  on  reasonably  clean 
cow's  milk,  but  the  fl<:ures  ()l)taino(l  in  uiy  laboratory 
under  these  two  conditions  ]>oint  to  a  slip:ht  difference 
in  favor  of  tho  feriuentcd  uiilk. 

It  should  noxt  be  noted  that  if  one  adds  a  ])ure  cul- 
ture of  B.  acrofjcncs  ra/jsulotu.s  to  a  growing  culture  of 
tlu^  lactol)acillus  in  luilk.  the  former  organisms  make 
little  or  no  progress  in  growth.  perha])S  because  the  milk 
is  too  acid,  but  more  likelv  (in  the  cases  at  least  where 

« 

the  milk  has  not  attained  the  maximal  acidity)  because 
-uitable  anaerobic  conditions  and  suitable  food  are  want- 
ing.    On  the  other  hand,  if  the  B.  acrogrnes  capsulntus 

14.  One  claim  made  for  tho  laotol>acniiis  Bold  in  New  York  Is  that 
It  Is  superior  to  other  fermented  milks  In  hein?  free  from  yeasts. 
Dr.  Collins  has  found  a  yeast  In  some  samples  of  this  mflk,  and  Dr. 
riffard  railed  my  attention  to  the  frequent  occurrence  of  a  difficultly 
fultlvahle  yeast   organism. 

15.  This  was  first  shown  by  Dr.  Catherine  Collins  in  my  labor- 
atory. 
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be  inocnlBted  into  fermentaHon-tubes  containing  litmiu 

milk,  it  will  produce  gas  aiid  butyric  acid  there  despite 
the  preeence  of  the  lactobacilluB. 

Even  when  both  types  of  organiBm  were  simultaneous- 
ly inoculated  it  appeared  that  the  lactobaciUus  was  macb 
impelled  in  its  development.  Finally,  if  a  neutral  reac- 
tion be  maintained  in  a  nutrient  medium  in  which  B. 
aerogenes  capsulatus  is  growing,  the  lactobacillus  is  un- 
able to  make  any  progress.  On  the  whole,  we  may  say 
that  the  lactobacillus  requires  for  its  active  multiplica- 
tion much  more  special  nutritive  conditions  than  the  B. 
aerogenes  capsvlaivs,  although  the  latter  is  at  a  disad- 
vantage in  needing  anaerobic  conditions,  white  the  for- 
mer prospers  with  or  without  oxygen,  if  grown  on  milk 
that  has  been  sterilized  and  is  permitted  to  contain  some 
free  acid. 

We  may  now  roughly  picture  what  happens  when  the 
lactobacilli  are  introduced  in  large  mimberB  into  the 
digestive  tract  of  a  patient  suffering  from  severe  chronic 
saccharo-butyric  putrefaction,  with  the  B.  aerogenes  cap- 
sulatus  as  the  dominant  anaerobe  to  he  controlled.  We 
may  assume,  for  the  sake  of  argument,  that  in  this  pa- 
tient the  bacillus  has  succeeded  in  establishing  itself  at 
a  level  nearly  as  high  as  the  middle  of  the  small  infee- 
tine,  and  that  it  makes  its  way  to  somewhat  higher  levels 
when  an  abundance  of  easily  fermentable  carbohydrate 
food  reachcfi  the  former  level.  The  introduction  of  a 
meal  consisting  wholly  of  milk  fermented  hy  the  lacto- 
bacillus will  provide  conditions  in  the  stomach  and 
upper  small  intestine  against  which  the  gaa-bacillus  can 
probably  make  no  progress,  if  one  may  judge  from  ex- 
perimental conditions  outside  the  body. 

With  the  progressive  absorption  of  the  lactic  acid 
formed  by  the  lactobacillus  the  conditions  would  be 
altered  in  the  direction  of  rendering  them  more  favor- 
able to  the  multiplication  of  the  gas-bacilli  located  at  or 
near  the  upper  level  of  the  infection,  and  the  presence 
of  a  little  unchanged  sugar  would,  indeed,  favor  their 
growth.  With  the  reduction  of  the  acidity  to  a  point 
approaching  neutrality  to  litmus,  the  gas-bacilli  would 
find  opportunity  for  free  growth  on  the  casein  of  the 
milk  provided  a  slight  amount  of  sugar  were  present. 
The  multiplication  of  the  gas-bacilli  would  proceed  with 
great  rapidity  as  soon  as  the  food  and  the  intestinal 
juices  became  neutral  or  alkaline. 
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But  just  at  this  point  we  lack  definite  knowledge  of 
the  conditions  that  actually  exist  in  the  human  intestine 
in  such  cases  as  we  are  picturing.  Yet  on  one  point  a 
positive  statement  may  be  made  with  confidence.  It  is 
that  intestinal  putrefaction  may  continue  very  excessive 
in  spite  of  the  free  or  even  exclusive  use  of  milk  fer- 
mented by  the  lactobacillus.  There  is  no,  evidence  what- 
ever that  the  organisms  of  the  lactobacillus  milk  or  other 
fermented  milks  are  able  to  restrain  specifically  the 
growth  of  B.  aerogenes  capsulatus.  The  intestine  con- 
tinues to  hold  these  anaerobes  in  large  numbers  and  in  a 
living  state,  as  can  easily  be  shown  in  some  instances  by 
injecting  into  experimental  animals  intestinal  material 
heated  at  80  C.  Such  limitation  of  the  anaerobes  as  is 
effected  depends,  I  believe,  on  the  absence  of  carbohy- 
drates in  the  fermentable  milk  and  on  the  presence  of 
lactic  acid.  It  is  extremely  doubtful  if  the  lactobacillus 
multiplies  on  other  food  than  the  milk  in  which  it  is 
taken.  The  pathologic  nature  of  some  of  these  severer 
cases  of  infection  through  anaerobes  will  be  discussed 
under  another  heading. 

There  can  be  no  doubt  that  lactobacillus  milk  pos- 
sesses certain  advantages  over  natural  milk  in  the  treat- 
ment of  chronic  saccharo-butyric  putrefaction.  Of 
these,  the  chief  are  the  ability  of  the  bacilli  to  make 
lactic  acid  freely  from  soluble  carbohydrates  and  to  sub- 
divide and  transform  the  casein  in  such  a  way  as  to  ren- 
der it  more  readily  absorbed  than  the  casein  of  un- 
changGd  milk.  Whether  the  lactobacillus  by  virtue  of 
its  powerful  lactic  acid-making  properties  possesses  real 
advantages  over  the  micro-organic  ferments  used  in  the 
production  of  kumyss,  kefir,  zoolak,  etc.,  I  shall  not  at- 
tempt to  discuss  here. 

INFLUENCE   OF  EPITHELIAL  ATROPHY. 

It  is  a  little  singular  that  in  the  study  of  the  factors 
entering  into  chronic  gastroenteric  disease  so  little  stress 
has  been  laid  on  the  influence  of  atrophy  of  the  intes- 
tinal epithelium.  There  are,  indeed,  papers  relating  to 
epithelial  atrophy  in  the  small  intestine  in  pernicious 
anemia,  in  the  marantic  atrophy  of  infants  and  in  some 
other  pathologic  states,  but  I  am  not  acquainted  with 
any  writings  that  indicate  the  significant  consequences  to 
the  organism  that  may  be  expected  to  arise  from  exten- 
sive atrophies  of  the  intestinal  epithelium. 


Thei*  Hre  certain  obvious  difficultiM  in  pursuing  this 
flubJL'fl  liom  tilt"  stouiipoiDt  of  pathologic  anatomy — 
eepwially  the  difficully  in  obtaining  iiiilft]isiefi  at^  enrly 
u  [it'riod  lifter  dtutb  as  to  insure  certainty  that  the  e])i- 
tlielifli  denudation  obaerved  is  not  u  postmortem  rhange. 
aixl  the  ditlit'iilty  in  deciding  on  nnatomie  evidence 
wlH'thiT  till?  iitropliii'8  noted  have  bi-en  secondary  to  their 
Oieociated  patliologic  slates  or  have  stood  in  a  causal 
letution  to  such  associated  states.  What  I  have  to  say 
in  this  conneption  is  iidvanced  aa  a  suggestion  direeted 
toward  further  in<|uirie8  and  is  based  on  clinienl  ob- 
servations and  pliysiologic  considerations  rather  than 
•  on  experience  ivllh  poshnortoni  appearances. 

There  are  at  least  tha^  well -recognized  conditions  of 
disease  in  which  the  tongue  shows  atrophic  alterations 
in  its  epithelium: 

1.  The  glossitis  known  as  wandering  rash  of  the 
tongue,  goographiral  tongue,  or  Miiller's  superficial  glos- 
sitis. 

2.  The  more  general  glossitis  with  epithelial  denuda- 
fiou  that  occurs  in  the  fonn  of  tropical  diarrhea  known 
as  sj)rue. 

3.  The  glossitis  with  denudation  of  epithelium  that 
is  80  frequently  noticed  in  persons  witii  pernicious  ane- 
mia. 

Overlap]iing  these  conditions  to  an  extent  at  present 
not  accurately  definable  is  the  process  of  chronic  sac- 
ch«ro-batj'ric  putrcfiiclion  in  which  I  have  now  observed 
epithelial  atrophy  of  Ihe  tongue,  of  varying  extent  in 
several  patients.  That  the  saccharo-butjTic  process  is 
highly  developed  in  many  persons  suffering  from  per- 
nicious anemia  may  he  regarded  as  established.  The 
procesB  is  also  well  developed  in  some  persons,  both  chil- 
dren and  adults,  suffering  from  Miiller's  superficial 
glosaitis,  but  I  have  not  had  sulficicnt  experience  to  say 
how  frequent  is  this  association.  In  the  case  of  in- 
dubitable sprue,  I  have  had  no  opportunity  for  study. 
I  have,  Ijowcver.  liad  tinder  observation  an  elderly  gen- 
tleman with  a  chronic  diarrhea  due  to  sactdiaro-butyric 
putfefaction  (from  infection  with  B.  a^rogrncs  capsular 
iva)  in  which  all  the  leading  pymploms  mentioned  by 
Sir  Patrick  Manson  in  his  description  nf  sprue  were 
present.  It  seems,  therefore,  well  worth  while  to  study 
Bpiue  with  the  putrefactive  anaerobes  in  mind  and  also 
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to  inquire  whether  eaBentudly  the  nme  eondition  doee 
not  flometimes  oocnr  in  temperate  cliinatf». 

In  caseB  of  wandering  rash  of  the  tongiie^  and  in 
chronic  saccharo-bntyric  putrefaction  with  and  witfarat 
advanced  anemia,  it  is  very  common  to  find  an  entire 
abaence  of  free  hydrochloric  add  in  the  gastric  jnicea, 
and  there  is  some  reason  to  believe  that  where  this  is  of 
years'  standing  it  is  apt  to  be  associated  with  a  degiis 
of  atrophy  of  the  epithelinm  of  the  gastric  tnbnles. 

It  is  dso  certain  that  in  many  cases  of  pernicious 
anemia  and  in  severe  saccharo-bntyric  putrefaction  gen- 
erally the  feces  contain  an  excess  of  epithelial  dements 
and  mucus.  As  already  stated,  the  emtfaelial  slruclures ' 
may  be  strikingly  abundant.  It  is  clear  Ihat  from  tins 
excessive  desquamation  no  inference  can  be  safely  made 
as  to  whether  atrophy  6f  the  epithelial  slruclures  of  tiie 
intestine  exists  or  not,  the  reparative  ability  of  these 
structures  of  the  mucous  membrane  of  the  intestine 
being  of  the  highest  order.  There  is,  however,  no  doabt 
that  after  years  of  damage  these  cells  lose  in  a  measure 
their  power  of  reproducing  the  epithelial  slruclures  of 
the  gut. 

UnfortuDstely  we  have  at  present  no  c^rtam  criterion 
for  gauging  the  degree  and  extent  of  this  damage  to  the 
epithelial  structures.  In  my  judgment,  it  is  of  the 
first  importance  for  the  physician  to  be  able  to  form  an 
estimate  of  the  permanent  damage  that  has  been  done 
to  the  epithelium^  since  the  ultimate  prognosis  in  cases 
of  chronic  8accharo-but}Tic  putrefaction  must  be  largely 
conditioned  on  the  state  of  these  epithelial  cells.  There 
are  probably  instances  of  epithelial  denudation  or 
atrophy  in  which  regeneration  is  prevented  by  the  con- 
tinual presence  of  irritants  formed  in  the  course  of  the 
putrefactive  decomposition  induced  by  putrefactive  anae- 
robes (doubtless  sometimes  in  association  with  other 
bacteria,  especially  streptococcal  forms).  These  are  the 
instances  in  which  suitable  diet,  lavage,  rest,  etc.,  are 
beneficial. 

16.  The  epithelial  atrophy  in  these  cases  may  inTolTe  patehM  of 
mucous  membrane  of  the  mouth  as  well  as  the  tongue.  I  eonttder 
it  significant  that  the  lesions  of  the  tongue  in  MaUer's  superflciai 
glossitis  are  certain  to  be  temporarily  greatly  exaggerated  hy  what- 
ever conditions  give  rise  to  gastritis  or  gastroenteritis  or  to  exacer- 
bations of  chronic  gastroenteritis.  We  have  in  this  fact  an  exam- 
ple of  a  perfectly  definite  relation  between  the  state  of  the  gastro- 
enteric mucous  membrane  and  the  condition  of  the  tongae.  Thie 
relationship  holds  good  even  where  it  Is  possible  to  exclude  food 
irritants  as  factors  in  the  exacerbation  of  the  lesions  in  the  mouth. 


rOn  tibe  other  hand,  it  appears  reasonable  to  fenppose 
■At  there  are  patients  tn  whom  the  epithelial  atrophy 
ps  progressed  eo  far  that  no  thcrapL'Utie  measurers  can 
mil  to  restore  the  epithpliiim  to  a  degree  of  funrtinnal 
itiTity  sufficient  to  maintain  the  organiem,  as  a  whole, 
3  a  level  that  maltes  it  possible  for  the  patient  to  (.-scaiw 
eing  bed-ridilen.     If  this  conception  of  the  pathologic 
iuis  of  severe  eases  of  chronic  sacch a ro- butyric  putre- 
pc'tion  >te  correct,  it  is  unreaBontible  lo  conilemn  thera- 
ratic  meaapres  which,  though  helpful  in  less  advanced 
|l|ses.  are  not  effective  in  these  extreme  ones.     What  is 
squired  is  more  discrimination  in  the  study  of  these 
B  and  a  better  conception  of  what  may  naturally  lie 
M'led  from  therapeutic  interference. 
[  The  physiologic  conditions  present  in  extreme  atrophy 
jf  the  epilheliiun  of  the  small  intestine  present  a  close 
Uralleiism   to   those   iu   chronic   nephritis  with   small 
panulor  kidneys.    In  both  cases  there  Is  failure  in  fiinc- 
Ton  because  of  damage  to  epithelial  structures.    In  the 
«  of  kidney  disease  this  is  obvious  because  the  epithe- 
1  cells  are  closely  concentrated  in  an  organ  presenting 
MS  and  microscopic  appearances  of  a  striking  eliarac- 
^  ■.    In  the  case  of  the  intestine  the  significance  of  the 
Ipions  IB  overlooked  hecause  the  damage  is  spread  over  a 
mger  area  of  mucous  membrane,  the  epithelial  stnic- 
!  of  which  should,  in  reality,  be  regarded  as  con- 
stituting an  organ  despite  the  fact  that  they  are  not 
ipund  together  hy  connective  tissues  into  a  structure 
p  definitely  limited  as  to  impress  obtrusively  the  eye  of 


'  Another  reason,  perhaps,  which  has  favored  the  un- 

lerestimation    of    the    importance    of    the    epithelial 

)phies  in  the  intestine  is  the  fact  that  one  is  apt  to 

nsider  processes  in  the  gut  as  going  on  within  the 

men  of  the  gut — and  hence  easily  to  Ive  modified — 

father  than  in  the  walls  of  the  intestine  itself.    We  have 

ing  been  familiar  with  the  conception  that  epithelial 

'rophy  of  the  kidney  may  reach  a  point  where  it  is 

mrcasonable  to  expect  to  avert  ureoLia,     It  is  im|iorlnnt 

br  US  to  grow  familiar  with  the  annlngnits  conception 

Bat  ordinary  therapeutic  measures  can  not  he  expected 

1  Tfficue  from  failing  nutrition  those  patients  who  have 

Squired  exlcMive  intestinal  epithelial  atrophies.     I  am 

■ilHng,  however,  to  venture  the  opinion  that  we  have 


not  yet  learned  to  give  sneh  patientB  the  fullest  benefit 
of  the  cellular  activities  stil!  possessed  by  them. 

KESULTa   OF   EPITHELIAL  ATBOPUT. 

In  conclusion,  I  desire  to  sketch  some  of  the  possible 
cOEsequenees  of  extensive  epithelial  atrophy  iu  the 
small  intestine.  Among  such  consequences  one  might 
expect  an  impaired  secretion  of  tlie  snccus  entericus,  a 
diminiebed  production  of  ercpsin.  a  diminished  secretion 
of  secretin  (the  latter  leading  to  diminished  pancreatic 
activity).  An  impaired  secretion  of  fluids  from  the 
blood  into  the  intestine,  as  under  the  influence  of  saline 
cathartics,  is  to  be  expected  under  these  conditionH.  and 
it  is  possible  that  we  have  here  an  esplanation  of  the 
failure  of  ealine  eatharlica  to  act  readily  in  long-stand- 
ing cases  of  intestinal  inflamniatton,  With  impaired 
secretion  must  necessarily  be  coupled  an  impaired  ab- 
sorption of  digestive  products. 

One  may  reasonably  picture,  moreover,  a  diminished 
capacity  of  the  epithelial  cells  for  decomposing  certain 
cleavage  products  of  digestion,  as,  for  example,  the 
amino  acids  which  are  known  to  be  disamidized  in  the 
intestinal  walle.  Likewise  the  synthesis  of  fatty  aeide 
and  glycerin  into  nciitrni  fats  might  be  expected  to  be 
less  efficient  than  normal.  Again  one  wnuM  expect  an 
impaired  power  of  binding  certain  toxic  bodies  formed 
in  the  intestine,  as.  for  example,  indol.  which  T  have 
found  to  he  hound  with  avidity  by  epithelial  cells  of  the 
intestine.  The  lessened  ahility  to  transform  toxic  sub- 
stances into  less  harmful  ones  may  perhaps  facilitate 
damage  to  red  blood  cells  exposed  to  such  poisons  in  the 
congested  areas  of  the  intestinal  tract  which  are  known 
to  exist  in  some  cases  of  disease  from  chronic  anai-robic 
infections. 

An  increased  permeability  of  the  intestinal  wall  to 
bacteria  is  almost  certainly  a  consequence  of  denuda- 
tion of  the  epithelium.  At  present,  however,  it  is  im- 
possible to  form  an  opinion  as  to  the  extent  to  which 
this  factor  is  operative  in  loading  to  injurious  conse- 
quences secondary  to  disease  of  the  digestive  tract  due 
to  anaerobic  organisms. 

In  chroDJc  saccharo-hutyric  putrefaction  we  find  at 
least  some  of  the  conditions  which  may  be  expected 
where  there  is  reduced  epithelial  activity,  especially  a 


manwitly  diminished   power  of  rcaorption   for  pro- 
kids  uiid  fats  iiml  a  cotisequeut  FailurR  in  nutrition. 
CONCLWBIOKS  TO  BE  DUAWN. 
Certain   prnctical  concluaionB  may  safely  be  drawn 
Ironi  tlie  facts  advanced  in  the  foregoing  pages,  and  of 
iheee  tlie  chief  iire  as  fnllowe: 

In  well-defined  cases  of  saccharo-bntyric  putrefaction 

Icarboliydrate  food  is  vigorously  attacked  by  the  intes- 

Jjtinal  biicteria  and  imist  tlterefnre  be  carefully  restricted 

I  all  cascB,     Fats  of  low  melting  point  (butter,  beeC- 

Ell)  are  well  tolerated  in  moderate  quantities  and  should 

' ;  ratiicr  freely  used,  to  rejilaee  carbohydrate  iu  part, 

brovided  no   increase  in   intestinal  putrefaction   is  at- 

nibutable  lo  their  use.    Of  proteins,  fliose  of  milk  and 

beef   are   well    tolerated    and    utilized    in   moderate 

mounts,  and  when  taken  with  only  small  quantities  of 

jarbdhyd rates,  hut  if  eaten  in  abundance  are  followed 

J  increased  putrefaction,  which  is  the  more  pronounced 

mc  more  abundant  arc  the  associated  carbohydrateE. 

In  long-standing  cases,  with  indications  of  epithelial 

Uropby,  the  restriction  of  all  classes  of  fnodfi  may  be 

gssential    to  diminish    putrefactive   intestinal    dect^mpo- 

1  within  limit?  that  are  essential  to  repress  various 

Khstructivc  eymptoms.     In  order  that  the  caloric  needs 

pf  the  body  should  not  be  too  glaringly  disproportionate 

0  the  food  Bujiply  that  csn  be  tolerated  llicse  needs  must 

)  cut  down  by  cauRing  the  jjationt  for  a  time  to  rest 

J  bed  and  to  relinquish  active  mental  occupation.    This 

tonrse  usually  leads  to  an  increased  tolerance  and  ulili- 

tation  of  food-stulTs,    During  this  period  of  rest  the  diet 

Should  at  first  eoriJiist  mainly  of  proteids  and  fats  (milk. 

fermented  milk,  minced  beef,  gelatin),  the  car!)ohydr«les 

irith  low  sugar  content  being  very  cautiously  added  as 

"the  gigns  of  excessive  putrefactinn  receile.     In  a  certain 

^limber  of  patients  snch  a  period  of  reel  and  d'etetic 

■'Saution,  lasting  from  two  weeks  lo  Iwo  months,  is  fnl- 

■JDwed  by  great  improvement.    On  the  other  hand,  in  pa- 

^tients  with  extreme  epithelial   atrophies  and   eitreme. 

)erBistcnt  putrcfBctiou,  little  permuueut  benefit  is  to  be 

_  ?cted   from    any    method    of   treatment   at   present 

mown,  especially  if  nntrition  has  suffered  severely  and 

plood   destruction  has  long  h(\*n  out  of  proportion   to 

Ihc  powers  of  regeneration:    and  this  conehwion  holds 

^pecialfv  true  of  patients  in  whom  systematic  rc?t  and 

'^propriafe  diet  have  already  been  conscientiously  tried. 
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In  the  course  of  investigations  made  on  the  urine  of  a 
ill i Id  suffering  from  a  chronic  intestinal  bacterial  infec- 
tion, it  was  noticed  that  the  addition  of  concentrated 
liydnx'hloric  acid  to  the  urine  led  to  the  development 
of  an  intense  rose  color.  The  studv  of  this  color  reac- 
tion  showed  it  to  be  identical  with  the  reaction  de- 
scribed in  1882  bv  Xencki  and  Sieber  as  the  urorosein 
i(»action.^  Although  there  has  been  considerable  discus- 
sion as  to  the  nature  of  this  reaction,  its  exact  nature 
lias,  up  to  the  present,  been  left  in  obscurity.  In  the 
lourse  of  my  study  of  the  patient  just  mentioned  it  was 
(Ictcriniijod  that  the  mother  substance  or  chromogeu 
from  which  the  urorosein  is  derived  is  a  definite  sub* 
stance  arising  in  the  intestinal  tract  from  the  break- 
down of  tryptophan  by  bacteria.  This  substance  is 
intlolacetic  acid.  Further  studv  has  shown  that  the  oc- 
(urrcnce  of  indolacetic  acid  in  the  urine  is  not  a  rare 
occurrence  and  that  it  is  usually  associated  with  patho- 
logic conditions  of  the  intestinal  tract.  For  this  reason 
it  has  appeared  to  me  worth  while  to  bring  togethei 
here  such  facts  as  have  now  come  to  light. 

I  have  ventured  to  designate  by  the  term  indolaceturia 
the  presence  of  indolacetic  acid  in  the  urine.  The  term 
is  somewhat  awkward  and  perhaps  in  other  respects  not 
without  objection,  but  nevertheless  I  think  it  advan- 
tageous to  make  use  of  this  term,  as  otherwise  one  is 
constantly  ccmfronted  with  the  inconvenience  of  desig- 
natiiiir  the  condition  by  circumlocution. 

It  is  desirable  to  sketch  at  the  outset  the  characteris- 
tics of  a  urine  containing  indolacetic  acid,  in  appre- 
ciable ([uantity.  If  to  such  a  urine  there  be  added  an 
ccpial  volume  of  concentrated  hydrochloric  acid,  one  of 
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two  results  may  be  looked  for :  either  the  urine  develops 
promptly  a  fine  rose-red  color  which  deepens  in  inten- 
sity during  the  first  few  minutes^  or  there  is  no  develop- 
ment whatever  of  the  rose-red  color.  In  making  this 
statement  it  is  assumed  for  the  moment  that  tlie  urine 
does  not  contain  indoxyl  potassium  sulphate  in  suffi- 
cient concentration  to  give  rise  to  the  occurrence  of  an 
appreciable  color  reaction  from  the  presence  of  indigo. 
Urines  occur  which,  on  addition  of  concentrated  hydro- 
chloric acid,  do  yield  indigo  in  sufiicient  amount  to  dis- 
tinctly obscure  tlie  rose-red  reaction,  and  it  is  necessary 
in  such  cases  to  resort  to  a  special  procedure  in  order 
to  make  the  distinction  certain  between  the  presence  of 
indolacetic  acid  and  an  indoxyl  compound.  The  expla- 
nation of  the  different  behavior  of  urines  containing 
indolacetic  acid  toward  concentrated  hydrochloric  acid 
is,  simple.  If  we  make  a  watery  solution  of  indolacetic 
acid  or  one  of  its  salts  and  add  to  it  concentrated  hvdro- 
chloric  acid,  there  is  no  change  in  color;  but  if  we  now 
add  to  tlie  mixture  some  suitable  oxidizing  agent,  as.  for 
example,  one  or  two  drops  of  a  0.1  per  cent,  solution  of 
potassium  nitrite,  there  is  instantly  developed  the  char- 
acteristic rose-red  color.  Experimental  study  has  shown 
that  those  urines  which  yield  the  typical  indolacetic 
acid  color  reaction  on  the  addition  of  concentrated  hv- 
(Iroeliloric  acid  contain  traces  of  nitrites.  These  nitrites 
are  formed  tlivou^h  the  action  of  nitrifying  bacteria  in 
the  iirino,-  ])o?sihly  from  the  breakdown  of  urea,  but 
more  ])robably  from  tlio  aotiou  of  those  bacteria  on  com- 
prmnds  of  ammonia  normally  pror^ent  in  every  urine. 
Sinee  a  mere  trace  of  the  nitrite  is  all  iliat  is  necessarv. 
in  the  ])resenee  of  liydroehlorie  aeicl,  to  ^ive  rise  to  the 
rose-red  or  iirorosein  color,  it  may  happen  that  the 
urine  is  not  <ireatly  clouded  by  the  presence  of  nitrify- 
in*;  baeteria.  It  is  noteworthy  that  the  quite  fresh  urines 
from  persons  showing;  the  nrorosein  reaetion  Avill  not 
develop  the  color  reaetion  without  the  atldition  of 
nitrites,  whereas  the  same  nrines  on  standin<r  in  the 
laboratory  for  twelve  or  twentv-four  or  fortv-eidit  hours 
will  frecjuently  give  rise  to  the  reaction,  without  the 
addition  of  a  nitrite.*^ 

•J.  The  relation  of  Nltrifyinjr  natteiMa  to  the  I'rorosein  Reac- 
tion of  Nenckl  and  Sleber.  .lour.  Hiol.  <'h«'m.,  ll>08,  Iv.  230. 

3.  There  ar(»  oiTaslonal  exreptlons  to  this  rule,  due  to  the  fact 
that  the  urine  may  contain  a  tra<e  of  a  nitrite  when  freshly  voided. 


It  is  possible  that  other  oxidizing  agents  than  nitrites 
at  times  play  a  part  in  the  production  of  the  color  reac- 
tion. At  present  I  know  of  no  substance  occurring 
naturally  in  the  urine  which  will  ifake  the  place  of  the 
nitrites  in  oxidizing  the  indolacetic  acid  chromogen  with 
the  typical  resultant  color  reaction.  The  chief  practical 
interest  of  the  fact  that  nitrites  arc  able  to  oxidize  the 
indolacetic  acid  so  as  to  yield  tlie  typical  rose-red  color 
lies  in  the  circumstance  that  one  may  A^iioUy  overlook 
the  presence  of  a  considerable  and  significant  amount  of 
indolacetic  acid  in  the  urine  simply  by  failing  to  add 
tlie  necessarv  trace  of  a  nitrite  to  the  urine  to  be  tested. 
(Jl)servers  who  in  the  past  have  found  the  urorosein  re- 
action to  be  present  in  the  urine  have  generally  detected 
it  simply  by  the  addition  of  concentrated  hydrochloric 
acid.  In  otlior  words,  the  nitrites  necessary  for  oxida- 
tion Iiave  Iiappened  to  exist  in  the  urine.  I  have  found 
the  indolacetic  acid  reaction  many  times  present  in 
urines  which  failed  to  give  the  reaction  on  the  addition 
of  liydrochloric  acid  alone,  and  its  presence  has  been 
detected  simply  through  the  use  of  sodium  nitrite  or 
potassium  nitrite. 

It  is  worth  while  to  consider  briefly  the  chief  proper- 
ties of  indolacetic  acid  as  contrasted  with  the  properties 
ol  the  urorosein  colored  substance  resulting  from  the 
oxidation  of  indolacetic  acid  through  the  action  of  hy- 
drocliloric  acid  and  nitrous  acids. 


PKOPEHTIES  OF  INDOLACETIC  ACID. 

Well-purified  indolacetic  acid  crystallizes  from  benzol 
as  small,  flat  crystals  with  a  melting  point  of  1()4°  C-. 
When  heated  a  few  degrees  a])ove  tlie  melting  point  it 
breaks  down  into  carbon  dioxid  and  skatol,  a  property 
of  mucli  value  for  the  identification  of  the  substance. 
Tliis  occurrence  is  indicated  in  the  following  equation: 
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Indolacetic  acid  is  very  slightly  soluble  in  cold  water, 
ciisilv  soluble  in  alcohol  and  in  ether,  less  easily  soluble 
in  chloroform  and  onlv  sli<rbtlv  soluble  in  benzol.    A 


solution  of  iQi]alac«tic  add  trben  Acidifi^  irilli  h>'<)Tn- 
diloric-  aci<I  <k^'cloj>#  a  viok-t  cx>lor  on  lirotiiig  in  the 
prrsciKv  of  a  \L'ry  unuill  ijuantiiv  of  ferric  ditorid.  A 
j»lution  of  iodolatetic  a«id  of  tlie  ftrm^tli  of  l;10Al)ii 
In>}mv»  in  tbis  wuv.  TbU  rejictioo  was  liret  Jeseribed 
l>T  Salkavrakj.*  wito  ro^nled  it  as  iNpcciatly  Eatisfactor>' 
for  tJ>e  rei'OKUtliuti  uf  indolac^ttc  arid  or.  as  it  vitf 
formerly  callfi],  skatol-carboxylic  iict»L  If  to  a  waten- 
i<olulinn  of  iniiolafetiv  acid  (i:100y>  tlier*  be  added  m 
lew  dmp§  of  nitric  acid  (spn-itit  ^rravtly  1.2)  and  a 
fi-u-  dmp»of  a  1  iM-r  tvnt.  golntion  of  pniaiuium  oitritr 
be  add*>d,  the  solution  deTelojw  a  cliorrr-or  ro«p-rwI 
color,  according;  to  the  conroDtration  of  tbc  iiidolfti'etic 
acid,  nn'  cnlnrtng  matter  thus  develyjied  nmy  Iw  stifli- 
iriratly  abundant  to  H^parate  out.  It  i«  the  coloring  mai- 
t«r  known  to  Ncntki  and  Si»*bfr  as  tin>rosi'iii.  'Hi'' 
STuthial  d('Vfti>)>iiitrn1  nf  a  {>urplr-rv<l  may  tie  obtained 
by  aildin^  to  thi-  watery  solution  of  indolaeetio  acid 
(1  :!000)  an  H)ua1  ifolunio  of  bydmohbiric  acid  (spwiflc 
gravity  1.2).  i»  uiitrb  iit  then  addt^  a  t*v  dm|>s  of  a  1 
|KT  ccnl,  st>ltitioii  of  Hilorid  of  lime.  If  instead  of  a^ini! 
ciilorid  of  lime  one  cmjiloys  s  l/IO  per  cent,  solution  %*t 
potassium  nitrite,  tbcrc  is  a  gradual  dt-rclopinent  of  the 
unimsein  color,  and  this  method  is  ttu'  niogt  satisfactorr 
for  dcti?ctiu};  the  presence  of  indot»celic-  acid  in  tlw 
urine.  A  aolutioD  of  indoW-ctic  acid,  witen  boiled  witli 
a  solution  of  paradimethylamidolienzaldi'liyd   (  Elirlich''; 
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;;ivfs  ri^e  lo  a  rwl  iiilur  dilTfring  from  llie  color  obtaiucil 
liy  the  action  of  tlii^  rcap-nt  on  indol  in  l>eiu'r  tiotli  far 
li'ss  stiisitivc  and  in  presenting  a  less  piirplisli  tlnjrc. 
On  iHiiling  a  watery  soUuinn  of  indolacotlc  aciil  Miili 
Milliin's  n-iijicnt.  a  yellow  color  is  olilaini-d. 

l'i:OI'Hl!llES   or  THK    lltOitOSKlX    lOLOKIXli    irATTElI. 

Tlie  iiicudsein  colorin;!  matter  as  obtained  by  tlit- 
iiclion  dI'  slrnnj:  liydriichloric  aciil  and  [wtasiinm  nitriti- 
on  inilolacrlLc  arii!  is  a  rose-rwl  or  cherry  coloreil  snli- 
sbiucc  wliii'li  lias  llif  pro[>erty  of  ]iiissing  readily  into 
aiiiyl  alioliiil.  It  passes  somewhat  less  ivadily  into 
jiiripyl  iilioliol,  hut  can  be  satisfactorily  extracted,  espe- 
cially if  >iilted  out.  The  siK-ctmscopic  examination  of 
ihe  rcil  ainyl  alcohol  solution  shows  the  presence  of  a 


characteristic  absorption  band  in  the  green  portion  of 
the  spectrum,  its  location  being  somewhat  nearer  the 
sodium  line  D  than  the  line  E.  On  treating  the  iiro- 
rosein  coloring  matter  with  zinc  and  hydrochloric  acid, 
it  is  readily  reduced  to  a  colorless  substance,  but  through 
a  cautious  use  of  oxidizing  agents  the  original  color 
may  l}e  partially  restored.  The  chemical  constitution 
of  the  urorosein  coloring  matter  has  not  been  estab- 
lished. It  is  possible  that  it  is  a  nitroso-indolacetic  acid 
analogous  to  the  nitroso-indol  formed  by  the  action  of 
nitrites  on  indol.  As,  however,  a  similar  and  possibly 
identical  coloring  matter  may  be  obtained  through  care- 
ful oxidation  of  indolacetic  acid  by  means  of  other  oxi- 
dizing agents  than  nitrous  acid,  it  is  not  clear  that  we 
are  justiJied  without  further  study  in  regarding  the  uro- 
ro.^oin  reaction  as  due  to  the  formation  of  nitroso-indol- 
acetic acid. 

:MKTIIOr)S  OF  TESTING  URIXE  FOR  TTTE  PRESENCE  OF 

INDOLACETIC  ACID. 

When  the  urine  contains  a  imoderate  quantity  of  in- 
dolacetic acid — say  0.001  to  0.01  of  1  per  cent. — the 
addition  of  an  equal  volume  of  concentrated  hydro- 
chloric acid  and  the  careful  addition  of  a  few  drops  of  a 
0.'^  per  cent,  solution  of  potassium  nitrite  sutlices  to 
bring  out  the  urorosein  reaction  in  an  unmistakal)lc 
manner.  When  the  quantity  is  smaller  or  where  other 
coloring  matters  exist  in  the  urine,  it  may  be  le.<s  easy 
tf)  establish  the  presence  of  indolacetic  acid.  Whenever 
anv  doubt  exists  as  to  the  nature  of  the  reaction  sus- 
]UH-ted  to  depend  on  indolacetic  acid,  the  following  pro- 
cedure sbould  be  employed:  One  hundred  cubic  centi- 
meters of  the  urine  sbould  be  evaporated  to  a  volume  of 
20  c.c.  After  cooling,  this  concentrated  urine  should 
be  carefully  filtered.  The  filtrate  is  acidified  with  1  c.c. 
of  a  10  per  cent,  solution  of  ])hospboric  acid.  This 
acidified  and  concentrated  urine  is  now  placiKl  in  a 
separatory  funnel  and  extracted  with  from  40  to  oO  c.c. 
of  etber.  It  is  not  necessary  to  shake  the  funnel  for 
more  tban  five  minutes,  as  any  indolacetic  acid  that 
may  be  present  will  promptly  pass  in  large  part  into 
the  ether.  After  allowing  the  contents  of  the  funnel  to 
stand  until  a  good  separation  takes  ])lace  between  ibe 
urine  and  the  ether,  the  ethereal  extract  is  drawn  oil* 
and  evaporated  on  the  water  bath.   The  residue  is  taken 


up  in  5  r.c.  of  water,  aoi!  to  this  solution  is  now  applied 
tin;  ii-'st  with  concentrated  Jivdrochloric  acid  and  potas- 
sium nitrite.  It  frcf^uently  happens  that  urines  which 
show  iinly  a  moderate  and  obscure  uroroaein  reaction, 
when  the  test  is  applied  directly  to  them,  yield  an 
ethereal  extract  which  gives  a  beautiful  and  typical  riv 
actinn.  With  aonie  urines  there  is  difficulty  in  making 
a  dean  separation  of  the  ethereal  layer,  owing  to  the 
formation  of  an  emulsion,  and  in  such  casics  a  good 
separation  can  be  brought  about  by  the  use  of  the  cen- 
trifuge. 

Urines  which  contain  an  abundance  of  indican  de- 
velop enough  indigo  on  oxidation  with  a  nitrite  to  ob- 
scure the  reaction  dependent  on  indolacetic  acid.  The 
indigo  that  is  separated  may  advantageously  lie  removed 
from  the  sfilution  by  shaking  with  chloroform.  The  su- 
per-natant  fluid  then  sIiowb  tlie  characteristic  rose  color 
due  to  the  oxidation  of  tlie  indolacetic  acid  and,  after 
de<'anUng  this  colored  urine,  the  color  may  be  shaken 
out  into  amyl  alcohol.  Indigo  red,  as  well  as  indigo 
blue,  passes  over  into  cHoroforra  if  the  former  happens 
to  be  present  with  tlie  latter,  and  in  all  cases  in  which 
indoxyl  derivatives  are  present  in  the  urine  it  is  best 
to  concentrate  the  latter  and  extract  with  etlier  as  nlniTe 
describod. 

It  is  aoCFssnry  to  usti  sume  care  in  employing  the 
nitriles  for  the  development  of  the  urorosein  reaction. 
Kvi'u  urines  which  contain  no  indoxyl  potassium  sul- 
lihiHi'  (if  one  nuiy  judge  l)y  the  inability  to  obtain  in- 
digo liy  nifiuis  of  tbe  ordinary  reagents,  such  as  Ober- 
tueyrrVl  umy  develop  a  purple  or' violet  color  in  place 
iif  ilif  tvjiiial  rnsc-red  color.  This  variation  in  color 
frniu  ihe  typical  rose-red  has  been  found  in  some  in- 
,-iiiti.e*  m  lie  due  wholly  to  the  mode  of  oxidation  with 
lH>iii=siiiiu  nitrite.  This  is  very  clearly  indicated  when. 
ihrougli  the  etuilidus  addition  of  nitrite,  the  typical 
[■iisc-red  (olor  i#  developed  in  tbe  upper  portion  of  the 
li-si  tube,  wheivns  the  violet  color  appears  in  the  lower 
I'iirt  where  oxidation  ii:  less  active,  all  transitional  tints 
beini;  i'bscr\ed  brlwivn  these  two  levels.  As  already 
shueil.  it  i.s  pr.'fcnilde  to  add  the  nitrites  in  very  dilute 
solnii"iis  nfii'r  stronj:  hydrochloric  aeid  ha?  been  added 
10  ibe  urine  (or  the  extract  of  the  urine)  instead  of  pre- 
\  i.Hi-  In  tlie  iiiliiiiion  of  tbe  hydrochloric  acid. 

I   hii\c  libserved  a  few  instances  in   which  l!ie   in-r,' 


<id<lilicin  of  fiimi,'iitraU>d  bydrocliloric  ncid  to  the  urine  1 
liH9  ln-eii   followed   by   tlie   appearance   of   an   intense  | 
srccnisli-blnc  or  blue  color,  due  to  the  presence  of  i 
digo.    Tills  phi'noincnon  lias  been  obsmud  by  me  only 
in  urint's  obtained  from  diildren  suffering  from  severe 
gastroenteritis,    altliougli     1     have    ocensionatly     wen 
-ilighlcr  mauifestutions  of  the  same  phenomenon  in  the   ■ 
nrines  of  adults.    In  the  cases  in  which  tliis  develop- 
ment of  indigo  lias  oi'curred,  tho  excess  of  hydrochtoric   1 
jirid  employed  has  always  been  great.   In  »uch  cases  the 
indigo  muBt  l>e  pliaken  out  with  chloroform  before  the  ' 
addition  of  the  nitrite  or.  preferably,  the  nrinc  should 
be  extrn<-tod  with  ether. 

The  iiuantitativu  cgtuiiation  of  indolacetio  acid  can  j 
■luly  be  made  with  cousiOorable  difficulty,  and  I  shall 
nut  here  discuss  the  tivlinic  to  be  employed  in  llie  t 
denvor  to  recover  tlie  gi'eater  part  of  the  indolacetic 
acid  present  in  the  urine.  The  greater  part  may,  how- 
ever, bti  recovered  by  snitahle  methoi.la  of  extraction. 
For  practical  purposes  it  euffices  to  dilute  the  urine 
any  caw  of  marked  indolflcctnria  to  a  point  at  which  it 
no  longer  gives  a  trace  of  urorosein  on  tin-  addition  < ' 
hydrochloric  acid  and  potassium  nitrite,  The  dilution 
required  to  cause  a  disappearance  of  tlie  reaction  can 
then  be  eonii>ared  with  the  dilution  at  which  an  indol- 
acetic acid  solution  of  known  strength  ceases  to  give  the 
reaction.  It  has  been  found  by  experiment  that  indol- 
acetic aeid  in  a  solution  holding  one  part  of  the  acid  in 
one  hundred  thousand  parts  of  water  still  gives  a  faint 
coh>r  reactiiiii.  'Ilie  highest  estimated  jiprrentage  of 
inilolaeetie  acid  in  any  urine  yet  observed  by  ns  has 
been  0.05,  or  0.5  gram  to  the  liter. 

CUXICIL    ST.\TES    ASSOCIATED   WITH    THE    I'ltESESCE    DF 
INDOLAfKTtHtlA. 

A  thorough  study  of  the  clinical  states  associatiKl 
with  indolaceluria  han  not  yet  been  made.  The  system- 
atic search  for  the  presence  of  indolacetic  acid  in  the 
urine  through  the  use  of  strong  hydrochloric  acid  and 
potassium  nitrite  will  certainly  bring  to  tight  many 
instances  of  indoloccturia  which  would  be  overlooked 
where  etrong  hydrochloric  acid  is  alone  employed.  The 
most  pronounced  examples  of  indolaeeturia  that  have 
come  to  my  notice  have  l>een  in  urines  from  patients 
with  diabetes,  typhoid  fever  or  chronic  enteritis.  I 
have  observed  a  strong  reaction  for  indolacetic  acid  in 
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some  casus  of  jaundice.  Rosin  found  tlie  urorodein  re- 
action to  \ye  strong  in  many  eases  of  pulmonary  phthisis, 
and  (jiarrod  observed  it  in  the  urine  of  chlorotic  pa- 
tients. I  Ijelieve  that  small  quantities  of  indolaeetic  acid 
in  the  urine  are  common  among  chronic  disorders  of 
digestion.  Various  observers  have  noticed  the  occur- 
rence of  the  urorosein  reaction  in  osteomalacia,  nephri- 
tis, carcinoma,  ulcer  of  the  stomach  and  perityphlitis. 
Dr.  Baldwin  has  noted  a  strong  reaction  in  the  urine  of 
a  j>atient  suffering  from  the  vomiting  of  pregnancy. 

For  reasons  which  will  appear  in  connection  with  the 
discussion  of  tlie  pathologic  significance  of  indolaceturia 
it  is  clearlv  desirable  that  in  routine  examinations  of 
the  urine,  the  tests  for  indolaeetic  acid  should  be  ap- 
])Ued.  It  is  also  desirable  that  a  record  should  be  kept 
of  the  relationship  existing  between  the  intensity  of  the 
reaction  for  indolaeetic  acid  and  the  intensitv  of  the 
react  i(m  for  indigo  blue. 

Tin:     PHYSIOLOGIC    AND     TATIIOLOGIC    SIGXIFICAXCE    OF 

INDOLACKTUKIA. 

An  insight  into  the  physiologic  and  pathologic  sig- 
nilicance  of  indolaceturia  has  been  made  possible  by  the 
researches  of  Hoi)kins  and  Cole"'  and  of  Ellinger'*  on 
the  constitution  of  tryptophan.  Trypto])lian,  which  may 
with  a  liigli  degree  oC  probability  be  considered  as 
iiHl()hiniin()-|)n)])i()nie  acid  rather  than  as  skatolainiuo- 
M(«'tic  acid,  is  set  {'wi.^  early  in  irvptie  digestion  of  ]>ro- 
icids.  Nniinally.  it  is  jir(>nij)tly  al)sorl)od  from  the  in- 
tfsiinc  and  either  hurncd  in  tlie  body  with  tlie  forma- 
tion of  products  iiol  al  present  known,  or  appropriated 
in  -nnie  svnthelic  iM'ocess.    Anv  obstacle  or  dehiv  in  the 

1  •  • 

ai»>()rplion  of  try])ioplian  favors  deeomposition  by  inie— 
tinal  l)acteiia.  //.  cjli  c(?rtainly,  and  />.  hifidus  prob- 
alily.  ai'»'  aide  to  fonn  indolaeetic  acid  from  try]-)to])han. 
ll  i<  certain  also  ihal  many  bacterial  symbiotic  eom- 
hination^  in  the  iniotinc  are  ahle  to  make  indolaeetic 
acid  from  i  r\  |)to|)han.  ll  i<  noteworthy  that  indol- 
acf'iic  acid  is  liahlc  to  he  ahsorhed  as  such  when  it  has 
OIK  r  hcen  foi'mecl  in  tiic  intestinal  tract,  and  it  i> 
fui'lher  noiewoiihv  that  this  suhstanc<'  is  relativelv  re- 


r..     llif   <". nisi  if  111  ion   of  'I'i\  |»to|ili:iiu'  ;nnl   tln'   Action   of  r.ji<'t«M"i:i 
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flifltant  to  lite  onllnavy  tiinlogic  procpssos  nf  nviilHiinn. 
Ilcncf  it  is  nut.  surprising  t)iar.  the  (lecomposit ion  «[ 
ti-yptoiiIiao  in  tlic  jiiti'Btiaiii  tratt  slumld  lie  folloMfd  Ijy 
tile  appt^rani'c  of  imlolawtir  acid  in  llic  mine.  Thi? 
acid  pnilialiiy  appears  in  tlie  iirinu  as  the  salt  of  some 
lonjninn  base  and  does  not  undergo  any  pairing  H-itli 
eulphwrie  at'id  or  glycuninii'  aeii!.  At  present,  at  least, 
tJn'rt'  is  iHi  evidewe  that  such  pairing  rieeurs. 

As  iioth  indol  and  indotaeetii-  aeid  are  derived  froin 
IrypUiphan  and  from  tnptujilian  only,  it  is  jilain  tliat 
lUerw  innst  I*  a  rc(-ipii>cal  relation  between  tiio  fcmna- 
tion  of  indolaectie  aeid  and  of  indol.  Thus  if  tlic  indol 
pnxliK-tion  from  tryptophnn  he  large,  tlie  Oppiirtuiiity 
for  the  prodnetion.  of  indolaeetic  acid  will  bo  less  than 
would  otherwise  be  the  case,  and,  ricr  vcrmi,  if  indoi- 
acefii'  acid  be  foi-nied  in  large  amount,  thei-o  is  le?s  '>p- 
portunity  for  the  produetion  of  indoi,  since  there  is  at 
the  present  time  no  evidenci;  lliat  indol  is  ever  derived 
from  indolaeetic  aeid.  Only  wlien  the  tryptophan  avail- 
able is  abundant  in  the  intestine  an  llie  resnit  of  de- 
layetl  absorption  can  we  exiH-et  to  get  Initli  indol  and 
indolaeetic  aeid  in  ainindanee.  Clinical  experience  is 
wholly  in  hannony  with  this  view.  When  indnlaeeturia 
is  most  marked,  indicanuria  is  not  apt  to  reaeli  the  higli 
gnkdes  of  intensity  soinetimeB  observed  when  indol- 
ai-eturia  is  absent.  On  the  other  hand,  indieaiinria  of 
the  most  intense  lyjie  is  not  apt  to  be  associated  with 
the  highest  degree  of  indolaeetuna. 

In  one  patient  whom  T  have  long  bad  under  oltserva- 
tion,  tliere  was  at  one  time  a  pei'sistent  and  extreme 
indieanuria.  Very  slowly,  as  the  patient  showed  im- 
provement in  the  digestive  trouble  to  whieli  lie  was 
subject,  there  developed  an  intense  indolacetnria  which 
was  long  persistent  and  appeared  to  be  at  the  expense 
of  the  indieanuria.  sinec  the  latter  gradually  disap- 
peai-ed  wholly.  This  behavior  is  intelligible  if  we  af- 
suine  that  the  breakdown  can  occur  only  through  two 
paths,  either  (1)  by  way  of  indolaeetic  acid  or  (2(  Ity 
way  of  indolpropionic  acid.  Tliere  are  reasons  for 
thinking  that  the  latter  is  tJie  source  of  indol.  while  it 
is  estii'niely  doubtful  if  indolacetie  aeid  ever  breaks 
down  with  the  production  of  indol.  \Ve  do  not  yet  know- 
under  what  conditions  and  Itirougli  what  stages  of  de- 
composition indolpropionie  acid  yields  indol.  Tt  is 
clear,  however,  (bat    indnlpmpionic   acid    is  niiicli    le*? 
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stable  than  iudolacetic  acid  and  ia  more  readily  at- 
tacked by  bntteria,  I  have  made  many  esjterimeflts  ia 
order  to  see  whether  the  bacterial  l»n?akdowii  of  indol- 
Bcetic  acid  will  yield  indol,  and  have  never  been  Buccesa- 
ful  in  obtaining  indol  from  this  I'esistant  substance, 
even  when  it  has  been  exposed  to  the  action  of  powerful 
indol  producers.  This  fact  strengthens  me  in  the  lielief 
that  indol  is  derived  from  indolpropionie  acid  and  not 
from  iudolacotic  acid. 

Atthongji  titere  is  no  evidence  that  indolacetie  acid 
yields  indol  Ihrniigh  the  action  of  bacteria,  it  is  prob- 
able that  imdcr  sjiecial  conditions  it  does  give  rise  to 
akatol.  I  have  made  numerous  obsen-ations  with  culture 
media  containing  indnlacetic  acid,  but  no  substance 
capable  of  yielding  tr\-ptophan,  in  the  hope  of  obtain- 
ing skatol  through  the  action  of  anaerobic  skntol-pro- 
dncing  bacteria.  I  have  failed  to  obtain  «p  to  the  pres- 
ent time  any  unecjuivocal  evidence  of  the  origin  of 
skatol  fi-om  indolacetic  acid  by  means  of  baelcria.  There 
remains,  however,  the  important  fact  that  through 
potash  fusion  and  through  the  mere  heating  of  indol- 
acetic acid  slightly  above  its  melting  point,  this  sub- 
stance decomposes  into  skatol  and  carbon  dio.'Jid.  For 
these  reasons  it  is  chemically  reaaouable  that  skatol 
should  be  derived  from  indolacetic  acid. 

It  is  thought  by  some  investigators  that  the  urorosein 
i>f  ihe  urine  is  identical  with  akatol-red,  which  is  a  color- 
ing matter  derivable  by  the  addition  of  strong  hydro- 
chloric acid  to  tlie  urine  of  animals  or  patients  that 
have  l>oen  fed  on  skatol.  Thus  Porchet  and  Hervieux' 
have  recently  maintained  that  urorosein  and  skatol-red 
are  identical.  They  base  this  contention  mainly  on  the 
fact  that  the  skatol-red  iihich  appears  after  the  adminis- 
tration of  skatol  to  dogs  gives  the  same  typical  sp'ectro- 
scopie  hand  that  is  nbtninablo  when  the  urorosein  pig- 
ment is  subjected  to  spectroscopic  examination.  T  have 
etsewheiv  given  in  some  detail  the  'reasons  which  show 
that  skatol-red  and  the  iirorosein  reaction  do  net  depend 
on  the  presence  of  the  same  mother  substance  in  the 
urine."  Since  discussing  this  snbject  I  have  beun  able 
to  demonstrate  the  dependence  of  the  urorosein  reaction 
on  the  presence  of  indolacetic  acid  in  the  nrine.   When 
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thia  fact  is  ronlizcd  bv  thr  wrilcrs  w!io  iiiniri(nin  Hint 
pkatol-rt'd  aiiit  nroroaein  are  iilentical  it  is  I'Vidcnt  tliat 
this  contention  will  Iiave  to  be  abandoned. 

'Die  view  that  iinKilacetic  acid  arises  from  tbi'  di'- 
cnmposition  of  proteids  in  the  intL*Btina]  tract  is  sil[>- 
ported  by  the  fact  that  I  liavc  been  able  to  obtain  fmm 
tJie  intestinal  wint<>nt8  of  a  pationt  showing  a  msrivcfl 
indolacctiirta   a   substanoe   slioH'iiig   the    renctioUf'    for 
imlolacetic  acid.   I  have  not  yet,  however,  liad  the  time 
to  prepare  this  siihstance  from  the  intostirml  tract  in 
sidlipient    ijuaiitity    to    make    melting-point    dcterniiiiu- 
tiona  and  to  demonstrate   Hie  formation  of  skatol  on 
Bubjecting  the  substance  to  a  temperature  in  the  neiftii- 
borhood  of  180'  C,  these  l>eing  the  criteria  which  serve 
positively  to  identify  indolacelie  acid.    It  is  entirely  in 
harmony  with  the  view  that  indolacctic  acid  arises  fn>m 
I  tryptophan  decomposition  in  the  intestinal  tract  that  I 
I  have  been  able  to  induce  a  strong  urorosein  reaction  in 
'  the  urines  of  two  healthy  subjects  who  durinj:  several 
I  days  ate  a  large  excess  of  beef— from  .1,000  to  4.UII0 
I  grams  daily.   Previous  to  the  eating  of  the  beef  in  ex- 
,  the  urines  from  these  subjects  failed  to  show  the 
I  presenee  of  indolacctic  acid.    My  esplanation  of  tliis 
f  induced  indolaceturia  is  that  in  both  instances  the  pres- 
ence of  such  large  quantities  of  proteid  in  the  intestine 
L  gave  rise  tn  a  delay  in  the  absorption  of  tryptophan 
[  formed  through  digestive  proteolysis  and  that  in  coiise- 
[  qiience  of  this  delay  indolacetic  acid  was  formed  through 
I  the  action  of  bacteria  on  tryptophan.    This  observation 
I  leads  me  to  suspect  that  there  are  instances  of  pallio- 
1  logic  condition?  in  which  tlie  excessive  use  of  protein'* 

I  IB  at  least  a  factor  in  the  development  of  indolaceturia. 

I I  would  refer  in  this  connection  particularly  to  iivo 
1  t^-pea  of  cases,  namely,  diabetes  and  certain  instance?  of 
I  chronic  intestinal  indigestion  in  children.  In  diabetes; 
I  there  is  a  tendency  for  patients  to  restrict  themselves  in 
I  carbohydrates  and  to  compensate  for  that  restriction  by 
I  increasing  the  fat  and  protein  intake.  The  protein  in- 
Itake  under  these  conditions  may  be  50  or  100  per  cent. 
■  greater  than  would  be  the  case  in  health.  The  siiuic 
Billing  is  true  of  a  group  of  cases  of  chronic  intestimil 
■Indigestion  in  children  in  which  it  is  impossible  to  take 

tnore  than  very  small  quantities  <if  carbohydrates  with- 
»nt  excessive  and  detrimental  feriuentation.  These  pa- 
mts,  moreover,  are  freriuontly  unable  to  tolerate  fats 
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in  normal  aiiiount^i.  Under  bucIi  couditionfl  the  pliysi- 
I'iiiu  tends  U>  recommend  a  diet  rich  in  protein. 

It  thus  appears  probable  that  the  excessive  feedinn 
of  proteins  may  be  concerned  with  the  development  of 
indolaceturia.  I  do  not  maintain,  however,  that  this  is 
essentially  the  cause  of  the  indolttcetiiria  in  the  two 
classea  of  caacB  just  mentioned.  For  I  have  seen  the 
plienomeuon  in  persons  who  arc  taking  no  execsfi  of  pro- 
tein food.  Moreover,  in  pathologic  eases  of  indolace- 
turia, in  which  the  protein  food  has  been  restricted,  the 
indiilacetoria  may  be  still  persistent.  It  is  thus  clear 
that,  while  the  intake  of  a  large  amount  of  protein  is  a 
faelor  highly  favorable  to  the  development  of  indolace- 
turia, Uie  occurrence  of  this  condition  must  be  regardi'd 
as  depending  rather  on  delayed  absorption  of  tryptophan 
and  suitable  bacterial  conditions  than  on  mere  over- 
feeding with  proteins. 

Assuming  that  the  hvpotJiesis  set  forth  in  thid  papiT 
is  cori-ect  and  that  hoth  indolaeetic  acid  and  t!ie  indul 
formed  in  the  intestinal  tract  are  derived  from  trypUt- 
phaa  through  the  action  of  bacteria,  the  fact  remains 
Mill  to  he  flccounted  for  that  sometimes  the  decomposi- 
tion of  tryplophttu  vields  mainly  indolacetic  acid  and 
at  other  times  mainly  indol.  I  am  at  present  unable  to 
"ftiT  a  sfttisfncfory  c.tplanstion  for  this  selective  break- 
down of  tryptophan.  As  js  well  koown,  bacteria  of  the 
II.  roll  group  are  capable  of  clearing  tr\-ptophan  to 
iudol  and,  as  alivady  mentioned,  it  was  shown  by  IIo)i- 
kins  and  Cole  (an  observation  confirmed  by  Dr.  Dakin 
and  myself)  that  these  organisms  are  able  to  form  in- 
dolacetic acid  from  tryptophan.  It  is  doubtless  true 
ibat  in  the  intestinal  tract  tlie  bacteria  associated  with 
the  colon  bacilli  ]»!ay  a  part  in  detennining  the  direc- 
rio[\  lit"  tbc  main  cleavage  of  tryptophan,  and  I  think  it 
]"i.siblc  tlint  through  the  careful  study  of  the  symbiotic 
miinii  .if  baclcriii  on  this  substance  it  will  be  possible 
{•I  piiti  iin  insight  into  tbc  dilTercnt  bacteria!  condi- 
n'>(i>  ilijit  determine  the  production  of  indolacetic  acid 
nirlier  Ihan  imiol. 

1 1  is  not  my  intention  here  to  discuss  the  pathologic 
inii-'ei|\u'ii(cs  of  indolaceturia.  I  may  point  out  the 
Ijut,  ho\nTer.  that,  since  indolacetic  acid  is  not  paired 
in  ilie  organism  like  indol  and  skatol  and  phenol,  it  may 
liavc  an  o[i|ii)rtunity  to  act  directly  on  the  nen'ous  sys- 
trtii  wln'u  idwifbcd  in  consiilcralile  ([uantities.     A  com- 


15 

]>arisoii  of  the  action  of  indolaeotic  acid,  both  on  the 
muscle  functions  and  the  functions  of  the  central  nerv- 
ous system  with  the  effects  produced  by  indol  and 
jskatol,  is  thus  a  distinct  desideratum.  Dr.  liCe,  who 
lias  interested  himself  in  the  effects  of  indol  and  skatol 
on  muscle  fatigue,  has  kindly  offered  to  study  the  effects 
of  indolacetic  acid  on  the  living  muscular  substances.  I 
have  not  yet  had  sufficient  experience  in  the  therapcuitic 
modification  of  indolaceturia  to  express  any  opinion  as 
to  the  best  method  of  ridding  the  organism  of  this  con- 
dition, but  in  anv  scheme  of  treatment  tlie  diminution 
<»f  protein  food  would  have  to  be  considered. 


THE  RELATION  OF  NITRIFYING  BACTERIA 

TO  THE  UROROSEIN  OF  NENCKI 

AND  SIEBER. 


Hon 

THt  JDURN.U.  or  BIOLOGICAL  CUBUaTKY. 
Vol.  n,  tin.  t  amb  ;,  F>iiiu«ar,  1908 


THE  RELATION  OF  NITRIFYIRG  BACTERU  TO  THE 
UROROSEIW  REACTION  OF  NENCKI  AND  SIEBER. 


V  C.  A.  HERTER, 


(Received  for  publit^al 


n  January  7. 


I 


5a  Nencld  and  Sieber'  found  that  when  pure  hydrochloric 
id  was  added  to  the  urine  of  a  diabetic  patient  under  their 
observation,  Ihere  resulted  a  beautiful  rose-red  color.  They 
were  sufficiently  interested  in  this  little  discovery  to  study  the 
cause  of  the  rose-red  coloration,  and  although  they  did  not  suc- 
ceed in  obtaining  in  a  chemically  pure  state  the  substance  con- 
cerned in  this  reaction,  they  at  least  established  its  most  impor- 
tant characteristics,  thus  rendering  it  easy  for  others  to  recognize 
its  presence.  In  the  course  of  their  studies  Nencki  and  Sieber 
noted  the  presence  of  urorosein  (as  they  called  their  new  coloring 
matter)  in  the  course  of  a  variety  of  diseases,  such  as  osteomalacia, 
nephritis,  typhoid  fever,  carcinoma  of  the  oesophagus,  ulcer  of 
the  stomach  and  perityphlitis.  Although  they  obtained  welU 
niarked  reactions  for  the  first  time  from  the  urine  of  a  diabetic 
patient,  they  failed  to  elicit  it  in  some  other  instances  of  this 
disease.  They  state  that  the  coloring-matter  was  found  in  about 
10  per  cent  of  the  pathological  urines  examined  by  them.  On 
,the  other  hand,  they  failed  to  find  it  in  the  urine  of  healthy  indi- 
viduals. 

The  following  are  among  the  chief  features  noted  by  Nencld 
and  Sieber  in  respect  to  their  urorosein.     The  rose  color  was 
developed  in  the  cold  by  the  addition  of  sulphuric  or  hydrochloric 
'acid.     The  coloring  substance  so  induced  was  found  to  pass  readily 
amyl  alcohol.     The  spectroscopic  examination  of  the  red 
.yl  alcohol  solution  showed  the  presence  of  a  characteristic 
isorption  band  in  the  green  portion  of  the  spectrum,  its  location 
somewhat  nearer  the  sodium  line  D  than  the  line  E.     Only 
leral  acids  were  observed  tn  bring  out  the  reaction,  acetic  acid, 
example,  being  unable  to  induce  it. 
Journ,  f.  praki.  Chem.  xxvi,  p.  m,   1881. 
»3<) 
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Nencki  and  Sieber  state  that  their  urorosein  differs  distinctly 
from  ijrobilin  and  indigo  blue  and  they  further  maintain  that  it 
differs  from  coloring  matters  obser\-ed  previously  in  pathological 
urines.  They  emphasize  especially  the  fact  that  the  red  coloring 
matter  described  by  Plosz*  is  wholly  different  from  their  uroroseio. 
On  the  other  hand  they  point  out  certain  resemblances  to  the 
rosaniline  dyes,  especially  to  fuchdn,  which  in  very  dilute  solu- 
tions not  only  gives  the  same  nuance  as  urorosein  but  also  gives 
a  similar  absorption  band,  but  one  somewhat  nearer  the  violet. 
They  observed  also  that  commercial  add  fuchsin  in  alcoholic 
solutions  shows  an  absorption  band,  the  position  of  which  is 
exactly  that  of  urorosein — a  point  to  be  noted  in  this  connection 
as  illustrating  the  fact  that  two  dyes  constitutionally  different, 
even  according  to  the  view  of  Nencki  and  Sieber,  may  have  the 
same  spectrum. 

At  the  conclusion  of  their  paper  Nencki  and  Sieber  suggest  the 
possibility  that  their  urorosein  arises  from  a  mother  substance 
formed  in  the  intestinal  canal  as  a  decomposition  product  of 
protein  through  some  form  of  bacterial  organism  of  not  very 
common  occurrence.  They  suggest  further  that  an  aromatic 
base,  isomeric  aldehyde  collidin,  obtained  through  the  decom- 
position of  gelatin  and  proteid  through  putrefaction  with  pan- 
creas, may  arise  during  intestinal  putrefaction  and  constitute 
the  mother  substance  of  urorosein.'  Nencki  and  Sieber  mention 
that  Gautier,  who  also  obtained  this  base  from  the  decomposition 
of  fish  muscle,  looked  upon  it  as  the  ptomaine  of  Selmi,  The 
authors  also  expressed  confidence  that  direct  feeding  experi- 
ments with  the  ptomaines  would  show  whether  this  view  is  cor- 
rect or  not.  Evidently  they  failed  to  institute  such  experi- 
ments. 

Finally  it  was  concluded  by  Nencki  and  Sieber  that  in  the 
substance  called  urorosein  we  have  a  new  type  of  urinary  color- 
ing matter  differing  on  the  one  hand  from  those  coloring  matters 

'  "Uebereinen  neueu  krystallinischen  farbiEen  Hambestandtheil."  Zeit- 
schr.  f,  physiol.  Chem.,  vi.  p.  504,  1881. 

'Aldehyde  collidin  fails  to  give  any  color  reaction  when  treated  with 
potassium  nitrite  in  the  presence  of  strong  hydrochloric  acid.  It  therefore 
cannot  be  the  mother  substance  of  urorosein,  tor  reasons  which  will  be 
made  evident  in  this  paper. 
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that  are  derived  from  bile  pigment  and  on  the  other  from  those 
that  have  their  origin  in  skatol  and  indol. 

The  most  important  recent  work  on  urorosein  has  been  done 
by  Rosin,'  who  found  that  the  pigment  is  present  in  small  quanti- 
ties in  every  normal  iirine.  On  this  point  Garrod  and  Hopkins 
differ  from  Rosin  for  they  say  that  the  coloring  matter  occurs 
only  occasionally  under  normal  conditions.  Rosin  observed  the 
reaction  to  be  especially  active  in  persons  suffering  from  pulmon- 
ary phthisis  while  Garrod'  frequently  found  it  in  the  urine  of 
chlorotic  patients.  It  is  noteworthy  that  Rosin  observed  the 
coloring  matter  in  greater  quantities  in  persons  on  a  vegetable 
diet  than  in  those  on  a  meat  diet,  and  also  found  that  the  urine 
of  horses  contains  considerable  of  the  coloring  matter,  though 
less  than  that  of  cattle.'  Rosin  furthermore  succeeded  in  crystal- 
lizing a  chromogen  of  urorosein  by  precipitating  the  concen- 
trated alcoholic  solution  (obtained  by  treatment  with  lead  ace- 
tate) with  ether.  This  chromogen  occurred  in  colorless,  trans- 
parent needles  which  readily  dissolved  in  alcohol  and  water  but 
not  in  ether  or  chloroform.  It  was  imperfectly  precipitated  by 
lead  acetate  as  a  lead  salt  soluble  in  alcohol.  The  watery  or 
alcoholic  solutions  as  well  as  the  crystals  themselves  develop  a 
red  color  in  contact  with  a  mineral  acid  and  an  oxidizing  agent. 
The  pure  substance  on  the  addition  of  hydrochloric  acJd  and 
barium  chloride  gives  no  separation  of  barium  sulphate  and  can 
therefore  not  be  regarded  as  an  ethereal  sulphate.  According  to 
Garrod  and  Hopkins  the  chromogen  is  largely  thrown  out  by 
saturating  the  urine  with  ammonium  sulphate — an  obseri'ation 
which  I  can  confirm.  The  alcoholic  extract  of  the  precipitate  is 
made  red  by  acid  and  then  shows  together  with  the  urorosein  band 
a  weak  urobilin  absorption  band.     A  separation  of  the  chromo- 


\  gen  is  possible  if  c 


inly  adds  enough 


sulphate  to 


'  "Ueber  das  Indigoroth  (Indirubin)"  Virchow's  Arckiv.  f.  path.  Atiat. 

w,  Physiol.,  cxxiii,  p.  519,   189:;  "Ein  Beitrag  zur  Lehre  von  den  Ham- 

fafbstoflen  (Ueber  das  sogenannte  Urorosein.  Hamrosen)."  Deutsch.  tmd. 

Wochenschr..  xix,  p.  515,  iSqj. 

'  Garrod  and  Hopkins.     '"On  Urobilin.  Part  :.  The  Unity  of  Urobilin" 

I  Journ.  of  Physiol.,  xx,  p.   iia,   1896.     Also  Garrod:  "The  Spectroscopic 

\  Examination  of  Urine."  Edinburgh  Med.  Jottrn.  n.  s.,  ii.  p.  103,  1897. 

'  In  observations  on  the  urines  of  two  horses  I  failed  to  obtain  the 
n  on  addition  of  nitrites. 
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the  urine  to  cause  cloudiness,  this  cloudiness  being  dependent  on 
the  chromogen  itself  and  the  urobilin  remaining  in  solution. 

I  have  lately  had  an  opportunity  to  study  a  urine  showing  the 
urorosein  reaction  of  Nencki  and  Sieber  in  a  marked  degree.  This 
urine  was  obtained  from  a  child  seven  years  of  age  suffering  from 
a  peculiar  variety  of  intestinal  decomposition  due  to  an  abnormal 
type  of  intestinal  flora.  The  child  was  very  much  retarded  in 
skeletal  and  muscular  developnieni  but  was  mentally  alert. 
although  undeveloped.  A  noteworthy  peculiarity  of  the  condi- 
tion was  marked  protrusion  of  the  abdomen,  due  presumably  to 
long  standing  distension  of  the  intestine  with  gases.  This  case 
was  brought  to  my  notice  by  Dr.  L.  E.  Holt  and  is  similar  in  type 
to  a  number  of  cases  occurrii^  in  children  which  I  have  studied, 
though  less  carefully  than  the  present  case,  in  conjunction  with 
Dr.  Holt.  I  desire  to  report  here  certain  observations  upon  the 
urorosein  reaction  as  it  was  met.  with  in  this  case,  belie^-ing  that 
the  facts  developed  in  the  present  instance  are  such  as  to  place 
the  urorosein  reaction  of  Nencki  and  Sieber  in  a  different  light 
from  that  in  which  they  regarded  it. 

It  was  observed  that  samples  of  the  urine  from  the  patient 
just  mentioned,  when  treated  with  concentrated  hydrochloric 
acid,  frequently  developed  a  brilliant  and  beautiful  rose-red  color 
which  faded  after  some  hours.  It  was  found  that  the  coloring 
matter  thus  developed  corresponded  in  all  essential  particulars  to 
the  urorosein  described  by  Nencki  and  Sieber,  especially  in 
respect  to  its  solubilities,  its  behavior  with  reducing  agents  and 
oxidizing  agents,  and  the  position  of  the  spectroscopic  absorption 
band  observed  in  amyl  alcohol  solutions.  It  was  soon  observed, 
however,  that  in  one  essential  respect  the  color  phenomenon 
observed  in  this  urine  did  not  coincide  with  the  description  of 
these  authors.  It  was  found  that  the  urorosein  reactionin  our  case 
developed  only  in  such  urines  as  had  stood  in  the  laboratory  at 
least  twelve  or  twenty-four  hours.  Fresh  urine  from  the  same 
patient  under  no  circumstances  gave  the  reaction.  The  onset 
of  the  reaction  coincided  with  the  development  of  a  turbidity  in 
the  urine  due  to  the  presence  of  bacteria,  and  suggested  a  possible 
bacterial  origin  for  the  urorosein  reaction.  This  view  was  con- 
firmed by  experiments  directed  to  this  point.  It  was  found  that 
if  a  fresh  urine  from  our  patient  was  inoculated  with  bacteria 
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t  from  the  urine  which  had  already  developed  the  urorosdn  phe- 
aenon.  the  color  reaction  was  obtainable  in  from  twelve  to 

'  twenty-four  hours,  the  urine  remaining  in  the  laboratory  during 

I  this  period.  On  the  other  hand,  the  control  urines  which  were 
carefully  protected  from  contamination  failed  to  develop  the 

I  reaction. 

The  organisms  responsible  for  this  change  in  the  urine  were 

I  easily  obtained  in  pure  culture  by  plating  on  bierwort  agar 
plates.  They  occurred  as  small,  Gram-negative  bacilli  from  0.75 
to  1.5/1  in  length  and  from  0.5  loo.7/<in  width.  They  were  usually 
elliptical  or  ovoidal  in  shape,  younger  forms  occurring  as  diplo- 
cocco-bacilli  or  even  as  diplococci.  Some  of  these  coccal  forms 
did  not  attain  a  diameter  greater  than  0.3^.  These  organisms 
produced  a  moderate  amount  of  gas  in  sugar  bouillon.  They 
did  not  coagulate  milk.  They  possessed  one  characteristic  which 
is  of  special  importance  in  the  present  connection,  namely,  their 
capacity  to  form  nitrites.  It  was  found  that  sterile  urines 
developed  nitrites  after  inoculation  with  a  pure  culture  of  these 
bacteria.  I  have  not  had  an  opportunity  to  compare  this  nitrify- 
ing organism  with  recognized  types  of  nitrifying  bacteria. 

In  the  course  of  conversation  with  Dr.  Dakin  regarding  the 
urorosein  phenomenon  he  suggested  the  possibility  that  the  bac- 
teria which  were  evidently  concerned  in  the  development  of  the 
urorosein  reaction  might  be  operative  through  their  ability  to 
form  nitrites  or  nitrates.  Experiments  showed  that  this  is  indeed 
the  case.  It  was  observed  that  the  urine  of  our  patient  did  not 
develop  the  urorosein  reaction  until  nitrites  had  been  developed 
in  it  as  the  result  of  bacterial  action.  The  presence  bf  nitrites 
was  easily  shown  by  the  test  with  metaphenylendiamin  and  also 
L/  the  reaction  of  Tromssdorff,  which  depends  on  the  liberation 
of  hydriodic  acid  from  potassium  iodide  in  the  presence  of  starch 
and  zinc  chloride,  on  the  addition  of  dilute  sulphuric  acid  to  a 
urine  which  contains  nitrites.  In  confirmation  of  the  existence 
of  such  a  relationship  between  the  presence  of  nitrites  and  the 
development  of  the  urorosein  reaction,  it  was  found  that  in  fresh 
urines  from  our  patient  which  gave  absolutely  no  color  reaction 
with  strong  hydrochloric  acid,  the  addition  of  a  few  drops  of  a 
two-tenths  per  cent  solution  of  sodium  nitrite  to  the  contents  of 
the  test-tube  regularly  and  rapidly  determined  the  development 
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Toro  in  reaction  which  was  in  every  respect  typical.  There 
o  ioubt  that  so  far  as  our  case  is  concerned  the  develop- 
the  urorosein  reaction  is  contingent  upon  the  presence  of 

[es  in  the  urine. 
was  thought  possible  that  the  presence  of  nitrates  might 

tot  an  effect  on  the  development  of  the  xirorosein  reaction 
ilar  to  that  exerted  in  the  case  of  the  nitrites.  It  was  found, 
ftowever,  that  the  urine  was  free  from  nitrates.  Moreover, 
although  it  was  found  that  by  adding  sodium  nitrate  to  the  urine 
there  could  be  obtained  evidence  of  the  urorosein  reaction  when 
strong  sulphuric  acid  was  added,  the  color  reaction  was  obtained 
with  such  difficulty  and  so  imperfectly  as  to  make  it  entirely  clear 
that  the  presence  of  nitrates  would  not  suffice  to  explain  a  reaction 
such  as  was  regularly  obtainable  from  the  urine  under  considera- 
tion. 

Although  the  urorosein  reaction  was  so  easily  obtained  fromthe 
fresh  urine  inourcase  through  the  addition  of  potassium  nit  rite,  it 
was  impossible  to  obtain  the  reaction,  except  asaverj' faint  sugges- 
tion from  any  of  the  normal  urines  which  were  examined  by  a  simi- 
lar procedure.  Evidently,  therefore,  two  distinctive  features  con- 
tribute to  determine  the  formation  of  the  so-called  urorosein — 
one,  the  liberation  of  nitrous  acid,  the  other  the  presence  of  some 
chromogen  peculiar  to  the  urine  in  question,  or  at  least  existing 
in  it  in  a  far  larger  amount  than  in  ordinary  normal  urines.  The 
question  of  the  nature  of  the  urorosein  reaction  thus  hinges  on 
the  understanding  of  the  influence  of  each  of  these  factors. 

The  relation  of  the  nitrites  to  the  development  of  Nencki  and 
Sieber's  reaction  is  apparently  simple  and  depends  on  an  oxida- 
tion of  the  mother  substance  or  chromogen  of  the  urorosein. 
There  is  no  reason  to  think  that  the  influence  of  the  nitrite 
depends  on  the  introduction  of  the  nitroso  group  into  the  mole- 
cule of  the  mother  substance,  as  in  the  case  of  the  nitroso-indol 
reaction.  The  reason  for  believing  this  reaction  to  depend  on 
simple  oxidation  is  that  a  color  closely  resembling  urorosein  is 
obtainable  through  the  oxidizing  action  of  a  number  of  different 
substances,  as,  for  example,  potassium  permanganate,  potassium 
nitrate,  potassium  persulphate  and  chloride  of  lime.  In  each 
case,  however,  there  is  a  strong  tendency  to  over-oxidation  and 
in  consequence  of  this  the  urorosein  color  never  develops  in  full 
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degree  throughout  the  test-tube,  but  is  limited  both  in  the  extent 
of  its  appearance  and  in  its  duration.  The  oxidation  of  the 
mother  pigment  by  nitrous  acid  is  thus  much  to  be  preferred  to 
that  of  other  oxidizing  agents,  such  as  chlorine  or  nitric  or  sul- 
phuric acids.  But  even  with  potassium  nitrite  some  precautions 
must  be  taken  to  guard  against  over-oxidation  on  the  one  hand 
and  under-oxidation  on  the  other.  Experience  shows  that  it  is 
best  to  add  strong  hydrochloric  acid  to  the  urine  before  adding 
the  nitrite  solution,  the  action  of  which  can  thus  be  carefully 
controlled.  On  the  other  hand,  if  the  nitrites  be  added  to  the 
urine  before  the  addition  of  strong  hydrochloric  acid,  the  maximal 
color  reaction  is  liable  not  to  be  obtained  owing  either  to  excessive 
oxidation  or  to  under-oxidation.  In  routine  work  it  is  probably 
best  to  employ  an  equal  volume  of  strong  hydrochloric  acid  in 
making  this  test,  although  frequently  a  very  marked  reaction 
may  be  brought  out  by  using  a  smaller  proportion  of  the  acid. 

It  deserves  to  be  noted  that  the  urorosein  color  reaction  does 
not  always  develop  in  a  unifom  manner.  For  example  it  was 
found  that  the  urine  from  our  patient  sometimes  gave  with  hydro- 
chloric acid  and  potassium  nitrite  a  purple  or  violet  coloration 
rather  than  the  typical  rose-red  color.  It  was  at  first  thought 
that  this  violet  color  might  be  due  to  the  formation  of  indigo,  as 
it  was  otherwise  difficult  to  explain.  It  was,  however,  noticed 
that  this  reaction  could  sometimes  be  obtained  from  a  urine  pre- 
sumably containing  no  indoxyl- potassium -sulphate,  if  one  may 
judge  by  the  inability  to  obtain  any  evidence  of  indigo  by  means 
of  the  ordinary  reagents,  such  as  Obermeyer's.  It  was  later 
observed  in  this  connection  that  the  variation  in  color  between 
the  typical  rose-red  and  the  violet  depended  wholly  upon  the 
mode  of  oxidation  with  potassiimi  nitrite.  This  was  very  clearly 
shown  in  instances  where  through  cautious  addition  of  nitrite 
the  typical  rose-red  color  was  developed  in  the  upper  portion  of 
the  test-tube,  while  the  violet  color  appeared  in  the  lower  part, 
where  oxidation  was  less  active,  all  transitional  tints  being 
observed  between  these  two  levels.  Finally,  it  may  be  said  in 
this  connection  that  the  nolet  coloring  matter  just  mentioned 
differs  from  indigo  in  not  being  removed  by  chloroform. 

As  regards  the  mother  substance  which  constitutes  the  basis  of 
the  urorosein  reaction,  it  is  not  possible  to  state  its  chemical 
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in  their  nuances  are  liable  to  show  close  similarity  in  regard  to 
their  spectroscopic  bands,  without  this  being  actual  eWdence  of 
identity.  A  good  illustrative  instance  may  be  cited  from  the 
original  paper  of  Nencki  and  Sieber  in  which  they  observed  that 
acid  fuchsin — a  pararosanilin  dye  which  gives  a  closely  similar 
color  to  that  of  urorosein — also  gives  the  same  spectroscopic 
band.  Yet  Nencld  and  Sieber  did  not  claim  that  urorosein  and 
pararosanilin  sulphonic  acid  are  identical  in  chemical  constitution 
because  of  the  similarity  of  their  spectroscopic  behavior.  Thus 
we  may  say  in  respect  to  the  controversy  over  the  relation  be- 
tween urorosein  and  skatol  red  that  this  must  be  settled  on 
other  evidence  than  the  coincidence  of  the  spectral  bands  from 
these  two  coloring  matters.  There  are  three  features  of  difference 
between  urorosein  and  skatol  red  which  appear  to  me  significant 
and  even  decisive  in  the  discussion  of  this  question.  In  the 
first  place  the  two  coloring  matters  are  different  in  respect  to 
their  nuances  and  in  regard  to  their  solubilities.  The  rose  tint 
of  urorosein  is  lighter,  brighter  and  more  purplish  than  the  red 
of  skatol  red,  Urorosein  is  readily  solubie  in  water  but  insoluble 
in  ether  and  chloroform;  skatol  red  is  little  soluble  in  water  but 
somewhat  soluble  in  ether  and  chloroform.  In  the  second  place, 
if  one  administers  to  a  dog  a  dose  of  skatol,  by  mouth  or  sub- 
cutaneously,  the  urine  will  later  contain  skatol  red,  that  is,  a 
coloring  matter  which  may  be  developed  by  the  addition  of 
strong  hydrochloric  acid  to  the  urine.  The  urine  does  not,  how- 
ever, under  these  circumstances  contain  urorosein.  I  have  not 
found  it  possible  by  the  addition  of  strong  hydrochloric  acid  and 
potassium  nitrite  (or  any  other  oxidizing  agent)  to  develop  a 
coloring  matter  resembling  urorosein  in  its  nuance  and  its  solu- 
bilities. Finally  in  the  case  which  has  formed  the  subject  of  the 
present  study,  I  have  been  unable  to  obtain  from  the  feces  the 
slightest  indication  of  the  presence  of  skatol,  notwithstanding 
that  a  large  number  of  examinations  have  been  made  with  a 
view  to  this  end.  The  objection  might  be  made  to  this  argimient 
that  such  skatol  as  had  been  formed  in  the  intestine  might  have 
been  absorbed  from  the  upper  part  of  the  colon  or  from  the  small 
intestine  and  hence  could  not  come  within  the  range  of  observa- 
tion. In  reply  to  this,  however,  it  may  be  said  that  on  two 
occasions  the  contents  of  the  bowel  were  largely  and  rapidly 
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evacuated  and  that  even  under  these  conditions  not  a  trace  of 
Bkatol  was  obtainable,  although  the  usual  intensity  of  the  uroro- 
sein  reaction  remained  apparently  unchanged  during  the  period 
corresponding  to  this  cartharsis.  At  least,  therefore,  in  the 
case  under  observation  it  may  be  claimed  with  fairness  that  the 
urorosein  reaction  has  nothing  whatever  to  do  wiih  the  absorption 
of  skatol  from  the  intestinal  tract.  Nor  do  I  think  any  serious 
contention  can  be  made  that  skatol  could  have  been  formed  in 
the  cells  during  intermediary  metaboHsm. 

As  regards  a  possible  intestinal  origin  for  the  urorosein  reaction 
it  is  necessary  at  present  to  speak  with  much  caution.  I  have 
succeeded  in  obtaining  through  the  action  of  the  intestinal 
bacteria  from  the  case  under  observation  a  coloring  matter  which 
appears  to  have  the  chief  characteristics  of  urorosein.  This 
coloring-matter  was  obtained  by  subjecting  sterilized  whole  milk 
to  the  action  of  very  large  numbers  of  fecal  bacteria,  among 
which  organisms  of  the  bifidus  type  were  extremely  numerous. 
The  bacterial  process  resulted  in  active  fermentation  and  con- 
siderable solution  of  coagulated  casein  but  no  putrefactive 
products  were  present.  When  milk  was  similarly  inoculated 
with  small  numbers  of  bacteria  of  the  same  origin  there  occurred 
coagulation  of  casein  with  little  or  no  digestion  and  a  not  very 
active  fermentative  process.  Under  these  conditions  the  uroro- 
sein reaction  was  not  obtainable.  In  an  experiment  madewith 
a  view  to  inducing  the  presence  of  the  urorosein  mother  substance 
in  the  urine,  through  filling  the  intestine  with  the  fermented  milk 
which  gave  the  urorosein  reaction,  no  success  was  obtained. 


I.  The  lu-orosein  reaction  of  Nencki  and  Sieber  sometimes 
and  perhaps  always  depends  on  bacteria  for  its  development 
where  the  reaction  is  induced  by  adding  concentrated  hydro- 
chloric acid  to  the  urine.  From  a  urine  giving  this  reaction  a 
pure  culture  may  be  obtained  which  is  capable  of  altering  a 
sterile  urine  so  that  it  in  turn  will  give  the  typical  reaction  with 
hydrochloric  acid. 

a.  The  bacteria  which  assume  this  role  are  capable  of  form- 
ing nitrites  in  a  previously  sterilized  urine  and  it  can  be  shown 
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111  rosein  reaction  depends  on  the  liberalion  of  nitrous 
strong  acid  which  is  employed. 

tiitrites  exert  their  influence  on  the  chromogen  as 

■ially :    propriale  oxidizing  agents  and  probably  not  through 

innation  of  a  nitroso  compound.     Doubtless  the  presence  of 

irorosein  chromogen  would  be  frequently  detected  where  it 

ow  overlooked  owing  to  a  failure  to  employ  nitrites  in  making 

the  test. 

4.  Urorosein  is  distinct  from  skatol  red  and  its  chromogen 
occurs  quite  independently  of  the  absorption  of  skatol  from  the 
intestinal  tract. 

5.  The  chemical  constitution  and  physiological  or  pathological 
signiflcance  of  the  urorosein  chromogen  are  at  present  unknown.' 

Note  on  the  InflueiKe  oj  Bacteria  upon  the  Behavior  oj  Urine  Containittg 
Ittdoxyi  Potassium  Sulphate  toward  Concentrated  Hydrochloric  Acid. 

On  account  o(  the  frequency  with  which  observations  are  made  on  the 
inditan  of  the  urine  it  is  worth  while  to  record  the  following  facts  with 
respect  to  the  influence  of  bacteria  on  the  action  of  strong  hydrochloric 
acid  on  urines  containing  indoxyl  potassium  sulphate.  These  facts  were 
noted  in  the  course  of  the  preceding  study  on  the  urorosein  reaction. 

When  liitcteria  concerned  with  acid  fennentation  were  transferred  froni 
a,  urine  giving  the  urorosein  reaction  to  a  series  of  urines  from  normal 
persons  it  was  found  (as  stated  above)  that  none  of  these  urines  developed 
the  urorosein  reaction.  It  was,  however,  obser%'ed  that  when  concen- 
trated hydrochloric  acid  was  added  to  some  of  these  urines  they  were 
found  to  develop  a  violet  tint,  whereas  control  samples  that  had  not  been 
inoculated  failed  to  give  this  tint  or  else  gave  it  in  much  slighter  degree. 
On  shaking  with  chloroform  this  took  on  the  color  of  indigo.  As  this 
behavior  was  seen  only  in  cases  where  the  urine  could  be  shown  by  Ober- 
meyer's  reagent  to  contain  some  indican,  it  is  likely  that  the  blue  colora- 
tion of  the  chloroform  is  in  reality  due  to  indigo.  I  have  not  studied 
the  phenomenon  sufficiently  to  be  certain  as  to  the  part  played  by  the 
inoculated  microorganisms.  The  presence  of  nitrites  of  bacterial  origin 
may  lead  to  a  better  oxidation  of  indican  in  the  presence  o£  strong  hydro- 
chloric acid  than  when  the  latter  is  alone  employed.  In  some  instances  it 
was  found  that  a  stronger  reaction  for  indigo  could  be  obtained  from  a 
contaminated  urine  by  merely  adding  to  it  strong  hydrochloric  acid  than 
by  the  use  of  Obermeyer's  reagent.      For  this  reason  it  is  evident  that 

'  While  this  paper  was  going  through  the  press  I  was  able  to  obtain 
conclusive  evidence  that  the  urorosein  chromogen  is  in  reality  indol  acetic 
acid.      I  shall  present  this  evidence  in  the  next  number  of  this  journal. 
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erroneous  conclusions  may  be  reached  as  to  the  amount  of  indican  present, 
if  a  urine  has  undergone  the  type  of  acid  fermentation  here  observed.  As 
is  well  known  the  intensity  of  the  indican  reaction  given  by  a  urine  is 
usually  decreased  by  alkaline  decomposition.  I  have  not  before  been 
aware  that  acid  fermentation  may  lead  to  error  in  the  opposite  direction. 
I  have  not  examined  the  phenomenon  closely  enough  to  know  whether 
other  bacterial  products  than  nitrites  are  ever  responsible  for  the  occur- 
rences in  question. 
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05  INDOLACETIC  ACID  AS  THE  CHR0M06E1T  OF  THE 

"UROROSEIN"  OF  THE  URINE. 

By  C.  a.  HERTER. 
(Received  for  publication,  January  25,  1908.) 

In  the  last  ntimber  of  this  Journal  it  was  stated  that  the 
mother  substance  or  chromogen  on  which  the  urorosein  reaction 
of  Nencki  and  Sieber  depends  is  still  unknown.  Since  this 
paper  was  written  I  have  had  an  opportunity  to  make  experi- 
ments which  show  conclusively  that  the  chromogen  of  the  uroro- 
sein reaction  is  in  reality  indolacetic  acid.  Inasmuch  as  the 
nature  of  this  color  reaction  of  the  urine  has  heretofore  been 
involved  in  much  obsciuity,  it  is  desirable  to  record  at  the  present 
time  the  facts  which  show  the  relation  of  indolacetic  acid  to  the 
urorosein  reaction. 

In  the  publication  just  mentioned,  it  was  stated  that  it  was 
possible  to  obtain  by  extraction  of  the  pathological  urine  a  solu- 
tion free  from  color  which  reacted  characteristically  with  hydro- 
chloric acid  and  potassitim  nitrite  and  which  further  gave  color 
reactions  with  Ehrlich's  paradimethylamidobenzaldehyde  and 
with  Millon's  reagent.  Since  then  it  has  been  found  that  not  only 
in  these  respects  but  in  more  important  ones  the  chromogen  mate- 
rial contained  in  the  urine  extract  corresponds  in  every  essential 
particular  to  indolacetic  acid.  The  opportunity  to  make  this 
comparison  I  owe  to  the  fact  that  Dr.  Dakin  was  so  obliging  as  to 
prepare  for  me  a  quantity  of  indolacetic  acid.  This  indolacetic 
add  was  obtained  in  crystalline  form  by  the  method  first  used  by 
Hopkins  and  Cole.*  These  investigators  showed  that  when  tryp- 
tophan is  acted  upon  by  B.  colt  under  partially  aerobic  conditions, 
indolacetic  acid  is  formed  in  considerable  quantity  in  addition  to 
indol. 

'Hopkins  and  Cole:  "Contributions  to  the  Chemistry  of  Proteids," 
pt.  ii,  **The  Constitution  of  Tryptophane  and  the  Action  of  Bacteria  upon 
it,**  Journ.  of  Physiol,,  xxix,  p.  451,  1903. 
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On  comparing  the  properties  of  solutions  of  crystalline  indol- 
acetic acid  with  the  properties  of  the  crystalline  substance  ob- 
tained from  a  pathological  urine  derived  from  a  patient  suffering 
from  a  peculiar  type  of  intestinal  bacterial  decomposition,  it  was 
found  that  the  two  agree  in  the  following  respects. 

(i)  The  colorless  crystals  obtained  from  the  ethereal  extract 
of  the  urine  gave  with  concentrated  hydrochloric  acid  and  potas- 
sitmi  nitrite  a  brilliant  rose-red,  possessing  exactly  the  same 
nuance  as  that  yielded  by  a  solution  of  indolacetic  acid.  This 
color  is  very  characteristic  and  differs  distinctly  from  the  color 
given  by  oitrosoindo!. 

(a)  It  was  found  that  when  the  coloring  matter  prepared 
by  the  action  of  nitrous  acid  and  strong  hydrochloric  acid  was 
extracted  in  amyl  alcohol  it  gave  a  spectroscopic  absorption  band 
indistinguishable  from  that  yielded  by  the  similarly  prepared 
coloring  matter  from  indolacetic  acid.  This  absorption  band 
is  very  sharply  defined,  at  least  on  that  edge  lying  toward  the 
D  line,  and  is  located  in  the  green  portion  of  the  spectrum. 

(3)  Both  indolacetic  acid  and  the  crystalline  substance 
recovered  from  the  iirine  give  the  same  red  color  reaction  with 
paradiraethylamidobenz aldehyde — a  reaction  differing  from  that 
obtained  from  indol  in  being  much  less  sensitive  as  well  as  not 
identical  in  tint. 

(4)  Both  substances  give  the  same  color  reaction  with  Millon's 
reagent.  As,  however,  this  reagent  contains  nitrous  acid,  the 
significance  of  this  reaction  is  probably  the  same  as  that  described 
in  (i).     The  color  obtained  is  yellow  rather  than  rose-red. 

(s)  Both  substances  give  the  same  color  reaction  with  ferric 
chloride  and  hydrochloric  acid.  This  is  a  very  delicate  and  char- 
acteristic color  reaction  which  should  be  carried  out  with  a  few 
drops  of  a  much  diluted  solution  of  ferric  chloride.  The  cherrj' 
red  color  de\'elops  on  heating.  This  reaction  was  first  described 
by  Salkowski'  who  regarded  it  as  especially  satisfactory  for  the 
recognition  of  indolacetic  acid. 

(6)  The  most  important  respect  in  which  there  is  identity  of 
chemical  behavior  between  indolacetic  acid  and  the  substance 
isolated  from  the  urine  is  the  formation  of  skatoi  on  heating.     If 

'  Salkowski:  "Ueber  das  Verhalten  der  SkatolcarbonsSvire  im  Organis- 
mus"  Zeilschr.  f.  physiol.  Chetn.,  ix,  p.  13,  1885. 
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indolacetic  acid  be  heated  to  a  point  somewhat  above  its  melting 
point  (melting  point,  163°  to  164°  C),  namely,  to  about  200°  C. 
the  acid  loses  carbon  dioxide  and  is  converted  into  skatol,  in 
accordance  with  the  following  representation : 

^V-jCH-COOH         ^         f     ^ jCH.         ^         ^o^ 

N 
Indolacetic  acid. 

The  operation  is  best  carried  out  by  immersing  in  a  paraffin  bath 
a  long,  narrow  test-tube  containing  the  substance  to  be  tested. 
The  skatol  derived  from  the  breakdown  of  the  indolacetic  acid 
condenses  on  the  surface  of  the  test-tube.  The  upper  half  of  the 
test-tube  is  cut  oflE  from  the  lower  half  and  introduced  into  a 
larger  test-tube.  The  crystalline  material  adhering  to  its  inner 
surface  is  now  extracted  with  a  few  cubic  centimeters  of  hot 
water.  The  solution  thus  obtained  is  tested  with  paradimethyl- 
amidobenzaldehyde  in  acid  solution.  On  heating  a  solution  con- 
taining skatol,  to  which  a  few  drops  of  Ehrlich's  aldehyde  solu- 
tion has  been  added,  there  develops  a  purple-blue  color  which 
deepens  on  the  addition  of  concentrated  hydrochloric  acid.  On 
cooling,  the  blue  color  gains  in  intensity.  The  blue  color  so 
obtained  passes  readily  into  chloroform.  This  characteristic 
reaction  for  skatol  was  obtained  in  its  ftilly  developed  form 
from  the  crystalline  substance  extracted  from  the  luine. 

The  foregoing  features  of  agreement  between  our  substance  and 
indolacetic  acid  suffice  to  identify  the  former  with  the  latter.  In 
addition,  however,  it  has  been  possible  to  obtain  the  substance 
from  the  luine  in  a  well  purified  state  (recrystallized  from  ben- 
zol) and  in  sufficient  quantity  to  determine  its  melting-point, 
which  proved  to  be  160°  to  162°  C.  There  is  therefore  essential 
agreement  between  the  known  properties  of  our  substance  and 
indolacetic  acid,  and  I  have  no  hesitancy  in  identifying  the  uro- 
rosein  mother  substance  with  indolacetic  acid. 

It  is  a  little  singular  that  the  relationship  between  the  uroro- 
sein  of  the  luine  and  indolacetic  acid  should  not  have  been  earlier 
discovered.  The  publication  of  Nencki  and  Sieber  in  which  they 
first  described  the  urorosein  reaction  was  made  in  1882.     In  1886 
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took  a  Mndy  t€  the  bJaTior  cf  tlw  acid  in  the  ofcunan.  He 
'Ift^'rifrwt  iadolaortic  aod  -— iVr  the  nxnie  of  doxolcaiboxTtic 
add.  SalkowAa  made  a  leaes  of  obwn  allocs  npcm  the  faXx 
of  iodolacetic  *rH  in  the  -tr*"*!!*  mgauimi.  He  tottnd  that  this 
wbtfance.  whai  admuiiemed  to  nhbits  (by  stnmarh)  in  mod- 
erate doces  (&  £..  o^  gBL)  tnaad  its  way  to  a  consideiahie  extent 
into  the  ttrine  mthoot  nadetgoing  change.  He  did  not  sacceed 
in  recoverii^  the  eatire  aanonnt  ^veo.  bat  this  may  have  de- 
pended upon  imperfectioDs  in  the  method.  That  the  add  b 
not  burned  to  any  great  extent  in  the  orgaaism  was  shown  by  the 
fact  that  after  very  moderate  doses  (e~  g„  0.01  gm.)  all  the  char- 
acteiistic  reactions  for  iodolacetic  acid  could  be  obtained  from 
the  mine  of  tbe  experimental  animal  It  would  not  have  been 
remaiicable  for  Salkow&ld  to  have  suspected  tbe  rdation  of 
indolacetic  acid  to  urorosein  had  be  kept  in  mind  the  results 
published  by  Nencki.  nor  would  it  have  been  surprising  bad 
Nencid  nupected  the  nature  of  his  uro-xisein  reaction  after 
reading  the  observations  of  Salkowski  upon  indolacetic  add. 
Neither  writer,  however,  appears  to  have  concerned  himself 
with  tbe  work  of  the  other.  Rosin,  in  1893,  stated  that  he 
obtained  a  small  amount  of  crystalline  substance  from  the  urine 
fjf  patients  showing  a  urorosein  reaction,  which  was  capable  of 
yielding  certain  typical  color  reactions.  He  failed  however  to 
bring  his  substance  into  relation  with  indolacetic  acid. 

In  the  patient  from  whom  was  obtained  the  urine  which 
yiejiied  indolacetic  acid,  experiment  has  made  it  clear  that  the 
intestinal  tract  contains  bacteria  which  are  capable  of  decom- 
posing prolcids  with  the  production  of  indolacetic  acid  and  there 
can  be  no  doubt  that  the  indolacetic  acid  of  the  urine  is  derived 
from  absorption  by  the  intestinal  tract.  That  this  substance 
is  frequently  formed  to  some  extent  in  the  course  of  intestinal 
jmtrcfiKtion,  was  suspected  by  Salkowski.  but  was  never  demon- 
Bh'iiJei!  by  him  or  by  subsequent  writers.  I  am  able  to  state 
thill  the  intestinal  contents  of  the  patient  whom  I  have  had  an 

'  Loc.  cil.;  ftlso  "Zur  Kcnntniss  der  EiweissJaulniss,  II:  Die  Skatol- 
ciirhiinsfliiru,  naili  Rcmeinschaftlich  mit  H.  Salkowski  in  Miinster  i/W. 
lint," 'Nil')] ten  Vfr.iuL'hcn,"  Zeitschr.  /.  physioi.  Chem.,  p.  8. 
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opportunity  to  study  regularly  contains  a  small  quantity  of  indol- 
acetic  acid,  sometimes  together  with  indol,  sometimes  without 
the  latter,  and  never  with  skatol. 

I  hope  in  the  near  future  to  study  the  occtirrence  of  indolacetic 
acid  in  the  intestinal  tract  under  pathological  conditions*  and 
to  ascertain  the  nature  of  the  bacteria  which  give  rise  to  this 
decomposition.  In  the  case  of  marked  indolaceturia  which  I 
have  had  under  observation  one  fact  regarding  the  intestinal 
flora  stands  out  with  great  clearness.  This  is  the  nearly  entire 
absence  of  the  ordinary  putrefactive  bacteria  which  lead  to  the 
saccharo-butyric  form  of  intestinal  putrefaction.  The  character 
of  the  bacteria  actually  present  will  be  described  in  another  com- 
munication. It  may  be  stated  here  however  that  the  dominant 
form,  B.  bifidus  communis  (Tissier)  grown  on  glucose  bouillon 
yielded  a  substance  which  gave  the  characteristic  color  reaction 
with  potassitma  nitrite  and  hydrochloric  acid. 

In  the  light  of  what  has  been  said  in  this  paper  it  is  evident 
that  bacteriologists  employing  the  nitrite  reaction  for  indol  should 
take  great  care  not  to  confound  indolacetic  acid  with  indol.  The 
test  for  indol  should  never  be  made  except  on  the  distillate. 

*  Under  physiological  conditions  there  may  occur  a  degree  of  indol- 
aceturia if  the  subject  consumes  very  large  quantities  of  meat.  This  fact 
will  be  amplified  in  a  subsequent  publication. 
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(Received  for  publication,  January  i8,  1908.} 

Various  observers  have  noticed  that  the  cherry-red  coloration 
I  of  the  urine  induced  by  an  acid  solution  of  Ehrlich's  aldehyde  is 
■  apt  to  be  particulariy  strong  under  some  pathological  conditions 
r  and  personal  experience  has  led  me  to  consider  these  pronounced 
examples  of  the  reaction  especially  frequent  in  affections  of  the 
digestive  tract.     A  satisfying  explanation  of  the  chemical  basis 
of  the  reaction  is  still  wanting  and  the  difficulty  in  supplying  it  is 
tdue  in  part  to  the  circumstance  that  this  highly  reactive  alde- 
hyde forms  cherry-red  compounds  in  the  urine  with  more  than  one 
nibstance.     Thus  Bauer  has  brought  forward  evidence  that  the 
iction  depends  on  the  urobilinogen'  of  the  urine  and  I  have 
[Shown  that  the  reaction  is  at  least  augmented  by  the  adminis- 
f  tration  of  skatol.     I  now  have  evidence  that  indolacetic  acid  is 
I  one  of  the  urinary  constituents  that  may  react  with  the  aldehyde, 
?  although  not  strongly  except  in  concentrated  urines.     It  is  not 
I  improbable  that  there  are  other  ways  in  which  a  typical  dimethyl- 
Lamidobenzaldehyde  color  reaction  may  be  obtained  in  the  urine. 
I  Until  all  the  possible  origins  of  the  reaction  are  known,  no  satis- 
Lfactory  general  statement  can  be  made  in  respect  to  any  path- 
l.ological   significance   which   the  exaggerated   reaction  may  at 
[times  possess.     Meanwhile  it  seems  worth  while  to  mention  the 
[  important  influence  of  a  meat  diet  upon  the  Ehrlich  reaction,  for 
I  unless  this  be  realized  there  is  a  likehhood  of  falling  into  the 
f.  error  of  ascribing  a  pathological  meaning  to  a  phenomenon  which 
lis  at  times  in  reality  physiological  in  nature.     As  patients  with 

s  probably  this  fact  that  has  led  Fr.  MoJler  to  regard  the  reaction 
I  OS  connected  with  hepatic  disease.     I  am  told  that  in  Mailer's  clinic  the 
iBlTungest  reactions  have  been  noted  in  diseases  of  the  liver,  in  which  the 
Old^yde  reaction  is  frcr]iientl)r  obtainable  in  the  cold. 
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disorders  of  intestinal  digestion  are  often  given  a  diet  containii^ 
considerable  meat,  it  is  easy  to  see  how  this  fact  may  complicate 

the  interpretation  of  a  strong  aldehyde  reaction. 

Attention  was  first  attracted  to  the  influence  of  meat  by  the 
fact  that  a  meat-fed  dog  whose  urine  gave  an  intense  cherrv'-red 
reaction  i\ith  Ehrlich  aldehyde  promptly  secreted  urine  which 
failed  to  give  this  reaction  when  the  diet  was  altered  by  substi- 
tuting milk  for  meat.  On  returning  to  a  meat  diet  the  urine 
regained  its  capacity  to  react  typically  with  paradimethytamido- 
benzaldehyde.  This  observation  was  repeated  with  similar 
results  on  several  dogs.  Several  trials  were  then  made  on  men 
and  these  trials  indicated  that  an  abundance  of  beef  caused  an 
intensification  of  the  aldehyde  reaction,  whereas  a  restriction  in 
meat  was  followed  by  a  distinct  decline  in  the  intensity  of  the 
reaction,  although  not  necessarily  by  its  abolition. 

With  a  view  to  finding  out  what  constituent  of  meat  food  is 
concerned  with  the  effect  on  the  urine,  three  sets  of  experiments 
were  made.  In  one  of  these  the  milk  which  served  as  food  was 
mixed  with  dog's  blood,  in  order  to  detennine  whether  the  hsemo- 
globin  might  be  so  transformed  as  to  exert  an  effect  on  the  reac- 
tion. No  positive  effects  were  obtained  from  the  quantities  of 
blood  that  were  used.  In  other  experiments  Liebig's  extract  of 
beef  was  added  to  the  milk.  Here  there  was  noted  a  moderate 
rise  in  the  intensity  of  the  aldehyde  reaction,  although  the  extract 
itself  has  no  constituent  that  gives  the  reaction.  These  observa- 
tions were  made  on  dogs.  Finally,  a  healthy  man.  whose  urine 
habitually  gave  a  strong  Ehrlich  aldehyde  reaction  while  he  was 
taking  a  meat  diet,  was  fed  ground  beef  from  which  nearly  all 
soluble  pigments  had  been  washed  out  by  a  stream  of  water.  In 
this  case,  before  beginning  the  experiment  of  feeding  the  color- 
less meat,  the  urine  was  rendered  almost  irresponsive  to  Ehrlich's 
aldehyde  by  a  diet  of  milk,  eggs  and  bread  for  a  week.  On  taking 
one  kilo  of  washed  beef  in  two  successive  meals,  no  increase  in  the 
reaction  was  observed,  this  result  contrasting  with  similar  experi- 
ments made  with  unwashedbeef  in  the  same  quantity.  The  color- 
less meat  of  fish  gave  results  like  those  obtained  with  washed 
beef. 

It  may  be  slated  that  the  free  use  of  beef  by  three  healthy  men 
was  followed  regularly  by  an  intensification  of  the  Ehrlich  aide- 
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hyde  reaction  of  the  urine.  This  intensification  is  dependent  on 
the  presence  of  the  coloring  matter  of  the  meat.  I  hope  soon 
to  be  able  to  offer  an  explanation  of  this  influence  of  the  coloring- 
matter  contained  in  meat. 

It  should  be  mentioned  that  in  the  experiments  referred  to  in 
this  note  the  urines  were  regulariy  diluted  to  a  specific  gravity 
of  10 10  before  testing  them.  Unless  this  precaution  be  taken, 
there  is  a  liability  to  error  in  making  comparisons  of  the  inten- 
sities of  the  reactions. 
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THE  OCCURRENCE  OF  SKATOL  IN  THE  HUMAN 

INTESTINE. 

By  C.  a.  HERTER. 

(Received  for  publication,  December  7,  1907.) 

The  color  reaction  between  paradimethylamidobenzaldehyde 
(Ehrlich's  aldehyde)  and  skatol^  gives  us  an  •  easy  method  of 
detecting  the  presence  and  of  estimating  the  quantity  of  this 
putrefactive  product.  The  employment  of  the  method  in  routine 
and  experimental  work  upon  the  digestive  tract  has  led  to  the 
acctimulation  of  nimierous  observations  that  have  an  interest 
both  for  the  physiologist  and  the  physician.  It  is  my  wish  to 
bring  together  here  the  chief  results  of  these  observations. 

It  seems  to  be  a  general  impression,  at  least  among  writers 
of  text-books  of  physiological  chemistry,  that  skatol  is  a  regular 
product  of  intestinal  putrefaction  in  the  feces.  Probably  this  im- 
pression is  due  to  the  statement  made  by  Brieger  to  this  effect' — 
a  statement  which  requires  some  modification.  Among  healthy 
children  under  ten  years  of  age  I  have  found  the  occurrence  of 
skatol  in  the  feces  to  be  quite  exceptional  whether  they  live  on  a 
milk  diet  or  on  a  mixed  diet  inclusive  of  meat.  Among  adults  also 
there  are  many  who  show  no  trace  of  skatol.  It  is,  however, 
true  that  one  frequently  finds  a  trace  of  skatol  in  the  freshly 
voided  feces  of  healthy  individuals. 

Where  there  is  an  excessive  degree  of  intestinal  putrefaction 
there  may  be  a  marked  increase  in  the  skatol  content  of  the  feces. 
Whereas  in  persons  who  are  normal  (in  the  sense  that  they  are 


*  On  the  Separation  of  Indol  from  Skatol  and  their  Quantitative  Deter- 
mination, this  Journal,  ii,  p.  267,  1906. 

'•'Das  Skatol  ist  ein  constantes  Bestandtheil  der  menschlichen  Excre- 
mente,  fehlt  aber  in  denen  desHundes."  Ueber  die  flllchtige  Best and- 
theile  der  menschlichen  Excremente.  Journ.  f.  prakt.  Chem.,  xvii,  p.  124. 
Reprinted  in   Nencki's  Opera  Omnia,  i,  p.  379. 
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unconscious  of  any  disorder  of  digestion)  one  rarely  finds  more 
thano.stniUigram  of  skatol  in  loo  grams  of  fresh  feces,  the  quan- 
tity may  reach  8  or  lo  milligrams  in  persons  who  are  the  subjects 
of  disturbed  intestinal  digestion.  These  quantities  I  have  seldom 
observed  and  it  may  be  safely  stated  that  it  is  rare  to  find  more 
than  5  milligrams  in  loo  grams,  even  where  putrefactive  decom- 
position is  intense.  In  this  respect  the  skatol  content  of  the  lower 
intestine  differs  from  the  indol  content,  which  is  sometimes 
greater  than  is  represented  by  the  above  figures.  Moreover  it  is 
true  that  amung  apparently  normal  individuals  it  is  more  com- 
mon to  find  traces  of  indol  in  the  feces  than  traces  of  skatol.  To 
this  rule  there  is  observed  an  occasional  exception  in  which  skatol 
can  be  detected  but  not  indol. 

The  detection  of  skatol  in  the  feces  in  the  absence  of  indol  of 
course  does  not  prove  that  there  has  been  no  production  of  indol 
in  the  gut,  since  it  may  have  been  formed  at  some  level  above 
the  rectum  and  subsequently  absorbed  entirely.  It  is  clear  that 
this  might  be  the  case  where  we  find  skatol  but  no  indol.  despite 
the  fact  that  indican  is  present  in  the  urine  and  cannot  be  ascribed 
to  any  but  an  intestinal  origin.  The  presence  of  skatol  without 
indol  in  the  lower  part  of  the  bowel  might  be  ascribed  either  to  a 
more  ready  absorption  of  indol  than  of  skato!  (assuming  them  to 
be  produced  in  equal  abundance  at  the  same  level),  or  to  a  rela- 
tively late  production  of  skatol. 

The  following  experiment  was  made  with  a  view  to  determining 
whether  the  absorption  of  indol  from  the  intestine  is  more  rapid 
than  that  of  skatol. 

Into  a  loop  of  dog's  ileum  which  had  been  previously  washed  out  with 
salt  solution  there  was  introducud  loo  cc.  of  a  solution  prepared  by  dis- 
solving 5  mg,  of  indol  and  s  mft.  of  skatol  in  2  cc.  of  alcohol  and  diluting 
to  350  cc,  with  physiological  salt  solution.  After  the  introduction  of  this 
fluid,  the  gut  was  returned  into  the  abdominal  cavity.  The  animal  was 
killed  at  the  end  o£  35  minutes,  when  the  gut  had  in  a  large  degree  emptied 
itself.  36  cc.  of  fluid  were  found  in  the  gut.  After  filtration  this  fluid 
was  distilled  and  the  distillate  tested  for  skatol  and  indol  by  means  of 
Ehrlich's  aldehyde.  By  means  of  the  color  reaction  obtained,  it  was  pos- 
sible to  form  a  judgment  as  to  the  proportions  of  indol  and  skatol  present 
in  this  fluid,  a  portion  of  the  originally  prepared  solution  being  employed 
as  a  control  in  making  this  comparison.  It  was  found  that  the  tints 
obtained  from  the  distillate  from  the  gut  were  so  nearly  duplicated  by 
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the  tints  obtained  from  the  original  solution  that  they  could  not  be  dis- 
tinguished. Although  there  was  this  close  correspondence  in  the  colors 
obtained  by  the  action  of  the  aldehyde  there  was  a  less  close  correspond- 
ence between  the  colors  obtained  on  shaking  out  with  chloroform,  the 
distillate  from  the  fluid  of  the  gut  jrielding  a  reddish  rather  than  a  purple 
tint,  a  result  which  may  perhaps  be  regarded  as  pointing  to  the  presence 
of  slightly  less  skatol  than  indol.  It  was  noticeable  that  the  concentration 
of  the  indol  and  of  the  skatol  in  the  fluid  of  the  loop  was  less  than  one- 
quarter  as  great  (judging  by  the  intensity  of  the  color  reaction)  as  that  of 
the  original  solution. 

It  is  evident  from  the  foregoing  experiment  that  it  gave  no 
indication  that  indol  is  absorbed  more  readily  than  skatol — a 
result  which  harmonizes  well  with  what  is  known  of  the  close 
resemblance  between  indol  and  skatol  in  respect  to  solubility  and 
chemical  constitution.  It  thus  appears  in  a  high  degree  improb- 
able that  differences  in  the  rate  of  absorption  of  indol  and  skatol 
from  the  intestine  can  account  for  the  preponderance  of  skatol  over 
indol  that  is  sometimes  noted  in  the  contents  of  the  human  colon. 

There  is  some  evidence  that  skatol  is  in  general  a  later  product 
of  putrefaction  than  indol.  Nencki  recommends  long  standing 
putrefactive  mixtures  containing  muscle  fiber  and  pancreatic 
gland,  in  order  to  obtain  skatol  in  fair  quantities.^  I  have  many 
times  noticed  in  the  course  of  putrefactive  experiments  in  vitro 
that  skatol  appeared  several  days  later  than  indol.  It  is  not 
certain  that  this  fact  helps  to  explain  the  finding  of  skatol  at 
lower  levels  of  the  intestinal  contents  than  indol,  because  the 
conditions  of  decomposition  within  the  intestine  are  so  different 
from  those  that  are  experimentally  induced.  Experiments  made 
on  human  subjects  with  the  aid  of  cathartics  indicate  that  pro- 
teid  food  may  yield  skatol  within  24  hours,  whereas,  on  artificial 
culture  media,  I  have  never  observed  it  before  the  lapse  of  several 
days.  Still  it  is  likely  that  although  both  indol  and  skatol  are 
sometimes  more  rapidly  formed  in  the  intestinal  tract  than  in 
experiments  in  vitro,  the  relatively  later  formation  of  skatol  is 
also  a  feature  here.  This  seems  the  most  reasonable  explana- 
tion of  the  occurrence  of  skatol  in  the  feces  without  indol,  in  those 
cases  where  indol  has  certainly  been  formed  and  absorbed. 

*  Vortheilhafte  Darstellung  des  Skatols,  CetUralbl.  f.  d.  med.  Wiss.,  No. 
47,  p.  849,  1878;  Opera  omnia,  p.  433. 
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As  yet  1  have  not  had  a  suiBciently  long  experience  to  maLe  a 
generalization  mth  respect  to  the  clinical  conditions  under  which 
the  intestinal  contents  persistently  show  the  presence  of  skatol  in 
excessive  quantities.  I  have  not  found  skatol  abundant  and 
persistent  in  the  feces  except  in  the  case  of  persons  who  are  ill 
or  have  recently  been  ill  of  some  intestinal  disorder.  For  this 
reason  I  have  come  to  attach  to  its  presence  more  significance 
than  to  the  presence  of  indol,  which  is  not  infrequently  found  in 
the  intestinal  contents  of  persons  in  apparently  good  health,  who 
are  unconscious  of  any  digestive  disturbance.  As  to  the  kind  of 
proteid  food  most  apt  to  favor  the  production  of  skatol  no  definite 
statement  can  be  made  beyond  the  fact  that  a  milk  diet  does  not 
necessaril}-  cause  skatol  production  to  cease,  although  it  seems  to 
render  it  less  active  than  where  the  diet  contains  an  equal  quan- 
tity of  nitrogen  in  the  form  of  meat  proteid. 

Where  skatol  formation  is  active  in  the  intestine  there  are 
usually  other  indications  of  excessive  putrefaction,  especially  an 
increase  in  the  ethereal  sulphates  of  the  urine  and  an  excessive 
formation  of  hydrobiHrubin  within  the  gut.  Indol  production  is 
usually  excessive  but  I  have  observed  instances  in  which  this 
was  not  the  case,  instances  in  which  the  excessive  putrefaction  was 
skatolic  rather  than  indolic  in  type.  This  is  not  usually  a  transi- 
torv  phenomenon  but  is  likely  to  be  a  long  persistent  feature. 

The  excessive  formation  of  skatol  I  have  found  especially  in 
what  I  have  described  as  instances  of  chronic  excessive  saccharo- 
butyric  intestinal  putrefaction.  Mental  or  emotional  depression 
has  in  some  of  these  cases  been  the  most  persistent  clinical  feature; 
in  others  there  has  been  a  moderate  or  considerable  degree  of 
simple  aneemia.  In  still  others  there  have  been  present  the  blood 
changes  characteristic  of  pernicious  ansmia.  I  have  come  to 
believe  that  the  chronic  digestive  disturbances  of  pernicious  anse- 
mia  are  almost  regularly  associated  with  an  excess  of  skatol  in  the 
feces.  In  a  case  of  appendicitis  which  came  under  my  observa- 
tion the  feces  contained  skatol  for  several  weeks  after  an  operation 
for  removal  of  the  appendix ;  with  return  to  health  this  substance 
gradually  disappeared.  In  a  patient  with  multiple  neuritis 
associated  with  persistent  constipation  and  great  production  of 
intestinal  gases,  skatol  was  regularly  obtained  in  abundance  from 
the  feces  during  the  period  of  paralysis.     With  gradual  convales- 
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cence  there  was  a  complete  disappearance  of  the  skatol  of  the 
feces.  Several  other  examples  could  be  mentioned  which  illus- 
trate the  disappearance  of  skatol  from  the  feces,  concomitantly 
with  a  betterment  in  clinical  conditions.  Apparently  it  would  be 
worth  while  to  make  careful  systematic  observations  on  the  quan- 
tities of  skatol  obtainable  from  intestinal  material  derived  from 
a  variety  of  patients  suffering  from  intestinal  disease,  with  a  view 
to  learning  in  how  far  the  presence  of  this  substance  is  a  guide  to 
the  intensity  and  course  of  bacterial  processes  in  the  intestinal 
tract. 

In  practice  I  have  found  it  convenient  to  make  use  of  the  following 
mode  of  procedure  in  examining  human  feces  for  skatol.  Twenty  grams 
of  fresh  material  are  ground  in  a  mortar  with  a  convenient  quantity  of 
water.  The  suspension  is  then  diluted  up  to  300  cc.  It  is  now  acidified 
with  phosphoric  acid  and  distilled,  the  distillation  being  continued  until 
it  no  longer  gives  any  color  reaction  with  paradimethylamidobenzaldehyde. 
A  portion  of  the  distillate  is  now  treated  with  a  paradimethylamidobenz- 
aldehyde solution  made  up  by  dissolving  15  grams  of  the  aldehyde  in  30  cc. 
of  concentrated  sulphuric  acid  and  diluting  this  to  100  cc.  The  aldehyde 
solution  thus  prepared  is  added  to  the  distillate  until  the  maximum  color 
reaction  appears.  This  may  be  somewhat  heightened  by  the  addition  of 
a  small  amount  of  concentrated  hydrochloric  acid.  If  indol  is  present  in 
the  distillate  it  should  be  removed  by  means  of  ^-naphthaquinone-sodium- 
monosulphonate.^  If  phenol  is  present  it  must  be  got  rid  of  by  redistil- 
lation, it  being  held  back  by  strong  alkali.  For  clinical  purposes  the  quan- 
tity of  skatol  present  may  be  closely  enough  approximated  by  comparing 
the  color  obtained  with  Ehrlich's  aldehyde  with  various  dilutions  of  a 
watery  solution  of  skatol  of  known  strength.  It  is  best  to  make  the  com- 
parison after  the  contents  of  the  test-tube  have  cooled,  as  this  causes  a 
deepening  of  the  color  toward  blue. 

I  have  made  experiments  with  many  kinds  of  bacteria  (using 
pure  cultures  of  bacteria  and  also  using  mixtures  of  bacteria)  in 
the  hope  of  learning  something  of  the  conditions  under  which 
skatol  is  formed  rather  than  indol.  Only  a  fair  measure  of  suc- 
cess has  been  gained  in  this  attempt.  The  main  obstacle  to 
success  is  the  diffictilty  in  obtaining  a  ctilture  medium  really  com- 
parable to  that  which  the  skatol-making  bacteria  find  within  the 
human  intestine.  If  we  inoculate  ordinary  culture  media  (pep- 
tone bouillon,  plain  agar,  blood  agar,  milk)  with  mixed  fecal 

A  Method  for  the  Quantitative  Determination  of  Indol,  this  Journal,  i, 
p.  257,  1906. 
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acteria  from  a  specimen  containing  skatol  we  are  almost  certainl 
isappointed  in  the  hope  that  skatol  will  result  in  the  course  o 
de  subsequent  incubation.  The  putrefactive  decompositio 
ields  indol,  not  skatol.  Only  in  rare  instances  is  a  trace  of  ska 
.ol  found.  From  fluid  media  containing  ground  brain  substanc 
or  fibrin  one  may  obtain  skatol,  but  the  yields  are  seldom  cot 
Biderable  and  the  putrefaction  isusually  indolic  rather  than  skatolic 
Sometimes  after  long  putrefaction  there  is  a  considerable  yield  c 
sScatol. 

Difficulties  have  also  been  encountered  in  securing  pure  eul 
tures  of  microorgani'  e  of  regularly  giving  rise  to  skate 

when  grown  upon  oi  ure  media.     Marked  irregularitie 

in  skatoi  fomiatioj       . .  e  ne  instances  been  observed  wher 

it  has  not  been  possiDl  irately  determine  what  condition 

have  been  responsible  sc  irregularities.     Nevertheless  . 

few  organisms  out  of  a  h  nber  that  were  tried  were  found  ti 

produce  skatol  with  con  able  regularity  when  grown  o: 
peptone  bouillon  to  whici  id  has  been  added.     These  oi^an 

isms  were  a  strain  of  ma  ;  o?dema  obtained  from  Prof.  Thee 

bald  Smith,  two  strains  u.  pittrifciis  and  an  unidentified  putre 
factive  anaerobic  organism  sent  me  by  Dr.  Smith.  It  is  note 
worthy  that  the  best  success  in  obtaining  skatol  has  come  from  th 
use  of  organisms  that  grow  under  anaerobic  conditions.  Soim 
strains  of  B.  proteu-s  of  Hauser  are  probably  also  to  be  regardec 
as  skatol-producers.  There  are  doubtless  many  other  anaerobic 
bacteria,  besides  those  mentioned,  which  are  capable  of  formin] 
skatol.  I  have  not  been  able  to  satisfy  myself  thatS.  airogene 
capsulatus  ever  produces  skatol,  though  some  strains  make  indol 
As  to  tetanus,  I  am  also  in  doubt.  I  have  never  been  able  t( 
obtain  more  than  mere  traces  of  skatol  from  any  Strain  of  coloi 
bacillus  in  my  possession,  whether  the  organism  was  grown  aerc 
bically  or  anaerobically.  Long  cultivation  was  required  to  giv 
even  these  insignificant  traces. 

It  is  certain  that  the  conditions  which  lead  to  the  formation  o 
indol  are  fundamentally  different  from  those  leading  to  the  pro 
duction  of  skatol.  The  conversion  of  skatol  into  indol  is  one  tha 
might  be  thought  of  as  possible  for  microdt^anisms  to  effect 
I  have  made  experiments  with  a  view  to  determining  whethe 
colon  bacilli  which  were  energetic  indol-formers  could  form  indo 
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from  skatol.  The  organisms  were  grown  on  a  mediimi  consisting 
of  gelatin  and  salts  to  which  a  small  quantity  of  skatol  had  been 
added.  The  organisms  grew  abtindantly  on  this  meditim  but 
even  after  many  weeks'  growth  not  a  trace  of  indol  could  be 
detected.  This  result  is  in  harmony  with  the  observations  made 
by  Ellinger^  on  indol  and  skatol  formation  in  the  intestinal  tract 
of  the  rabbit.  He  states  that  at  most  a  mere  trace  of  indol  may 
possibly  be  formed  from  skatol.  I  question  whether  even  this  is 
likely.  Indol  has  been  produced  from  skatol  by  potash  fusion 
but  so  severe  and  destructive  a  method  as  this  cannot  be  compared 
with  any  powers  which  it  is  likely  that  bacteria  can  exert. 

That  both  indol  and  skatol  are  derived  from  tryptophan  can- 
not be  doubted.  One  may  easily  satisfy  oneself  of  the  ability 
of  trytophan  to  yield  skatol  and  indol  by  experimenting  with 
media  made  up  by  the  addition  of  tryptophan  to  gelatin,  pure 
cultures  of  different  bacteria  being  employed.  There  is  no  reason 
to  suppose  that  any  other  constituent  of  the  proteid  molecule 
than  tryptophan  is  able  to  yield  indol  and  skatol.  We  have  thus 
to  look  to  the  chemical  constitution  of  tryptophan  for  a  clue  to 
the  solution  of  the  problem  why  skatol  is  sometimes  formed  and 
at  other  times  indol.  I  cannot  pretend  to  offer  an  adequate 
hypothesis  upon  this  question,  but  would  like  to  call  attention  to 
certain  facts  which  point  to  the  reasonableness  of  the  idea  that 
the  formation  of  skatol  in  one  case  and  the  formation  of  indol  in 
another,  may  really  be  conditioned  by  the  nature  of  the  interme- 
diate products  that  arise  before  tryptophan  can  yield  either  one 
of  these  substances.  It  may  now  regarded  as  settled  that  trypto- 
phan is  indol-amidopropionic  acid  and  not  skatol-amidoacetic  acid, 
as  was  thought  more  likely  by  Hopkins  and  Cole.  Moreover  it 
is  probable  that  tryptophan  is  an  a-amido  acid.  It  is  certain 
that  under  the  action  of  microorganisms  tryptophan  is  capable  of 
yielding  indol-acetic  acid,  as  was  shown  by  Hopkins  and  Cole^  to 
be  true  of  a  tryptophan  medium  inoculated  with  a  pure  culture 

*  Ueber  die  Constitution  der  Indol  Gruppe  im  Eiweiss  (Synthese  der 
sogen.  SkatolcarbonsaUre)  und  die  Quelle  der  Kynurensaure,  Bet.  d. 
deuisch.  ckem.  Gesellsch.,  no.  7,  p.  1802,  May  4,  1906. 

*  Called  by  them  skatol  carbonic  acid.  The  Constitution  of  Trypto- 
phane and  the  Action  of  Bacteria  upon  it.  Journ.  of  Physiol.,  xxix,  p. 
438,  1903. 
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of  B.  coli  communis.  This  substance  is  probably  not  readily 
attacked  by  nucroorganisins.  Some  bacteria  appear  unable 
to  attack  indol-acetic  acid.  Thus  B.  coli  communis,  although 
able  to  form  this  substance  from  tryptophan  either  makes  no 
skatol  from  it  or  only  minute  quantities.  It  is  however  probable 
that  some  bacteria  (especially  putrefactive  anaerobes)  are  able 
to  act  upon  indol-acetic  acid  in  such  a  way  as  to  cause  it  to  lose 
carbon  dioxide  and  such  a  change  would  explain  the  production 
of  skatol.  Assuming  indol-acetic  acid  to  be  relatively  unattack- 
able  by  microorganisms,  one  would  have  an  explanation  of  the 
usually  small  and  slow  yield  of  skatol  in  putrefaction. 

Decomposition  of  tryptophan  maj',  however,  takeanother  direc- 
tion. Through  oxidation,  with  the  removal  of  the  amido  group, 
indol-propionic  acid  is  formed.  Assuming  that  this  substance  is 
relatively  easily  attacked  by  microorganisms,  it  is  easy  to  see  how 
indol  and  carbon  dioxide  might  result  from  such  bacterial  attack, 
indol -carbonic  acid  being  formed  as  an  intermediate  product. 
There  is  apparently  no  reason  to  suppose  that  indol-acetic  acid 
is  readily  convened  into  indol-carbonic  acid,  since  this  calls  for 
a  process  of  energetic  uxiJaliun  only  likuly  to  occur  through  the 
action  of  relatively  powerful  oxidizing  agents.  It  would  appear, 
then,  that  the  formation  of  skatol  may  hinge  on  the  antecedent 
production  of  indol-acetic  acid,  whereas  the  formation  of  indol 
may  depend  on  the  production  of  indol-propionic  acid.  To 
what  extent  this  suggestion  may  be  borne  out  by  experimental 
facts  can  only  be  determined  by  further  observations.  Dr.  Dakin 
has  been  so  kind  as  to  offer  to  prepare  for  me  these  important 
intermediary  substances,  the  possession  of  which  should  serve 
to  definitely  determine  their  bacterial  relation  to  indol  and  skatol. 

The  main  conclusions  which  I  desire  to  emphasize  are  the  follow- 
ing: 

1.  Skatol  is  by  no  means  always  present  in  the  contents  of 
the  lower  gut  in  man.  In  liealthy  children  it  is  only  seldom 
detectable  and  then  only  in  traces.  In  healthy  adults  it  is 
frequently  absent  and  when  present  occurs  only  in  traces. 

2.  In  some  cases  of  excessive  intestinal  putrefaction  skatol 
formalion  is  considerably  increased,  often  together  with  increased 
indol  formation  but  sometimes  without  this. 

3.  There  are  instances  in  which  tlie  feces  contain  skatol  but 
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no  indol,  despite  the  fact  that  the  presence  of  indican  in  the 
urine  points  to  indol  formation  in  the  intestine.  As  there  is 
no  evidence  that  indol  is  absorbed  more  rapidly  than  skatol  in 
such  cases,  the  presence  of  skatol  without  indol  is  probably  due 
to  the  later  production  of  the  skatol. 

4.  Increased  skatol  production  is  observed  in  many  persons 
suffering  from  excessive  saccharo-but)rric  putrefaction  due  mainly 
to  putrefactive  anaerobic  bacteria. 

5.  There  are  strains  of  the  bacillus  of  malignant  oedema 
and  of  Bacillus  putrificus  which  form  skatol.  The  Bacillus  coli 
communis  makes  indol  but  usually  no  skatol  or  only  mere  traces. 

6.  The  conditions  giving  rise  to  the  formation  of  skatol  are 
fundamentally  different  from  those  that  govern  the  formation  of 
indol.  The  formation  of  indol-acetic  acid  is  perhaps  a  necessary 
step  in  the  production  of  skatol,  most  bacteria  attacking  it  with 
difficulty,  if  at  all. 
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ON  THE  THERAPEUTIC  ACTION  OF  FEHMENTBD  MILK 

Bi    C.    A.    DBRTBH,    M.D. 


DURING  the  past  year  there  has  been  in  the  United  States  a  large 
increaee  in  tbe  use  of  fennented  milk  in  the  treatment  of  dis* 
fii-ders  of  digestion  and  nutrition.  A  clearly  discernible  influence  in 
brisking  abntit  this  increase  lies  in  the  publications  made  by  Professor 
UetchnikolT  and  Lis  colleagues  in  reference  to  the  fermented  milk 
known  as  lacto-bacilline.  The  statements  made  by  these  scientific 
TOrkera  have  been  repeatedly  esaggerated  by  persons  having  a  commer- 
dfll  interest  in  the  sale  of  certain  kinds  of  fermented  milks.  It  b 
ftppnrently  true  tlmt  many  physicians  have  been  influenced  by  these 
atatementa  in  the  direction  of  recommending  among  their  patients  a 
tDUch  wider  use  of  fermented  milk,  and  especially  of  lacto-bacilline, 
Qioa  was  pieviouBly  the  case.  Moreover  many  persons  have  decided 
without  the  advice  of  a  physician  to  make  a  trial  of  some  form  of 
fermented  milk  or  of  some  form  of  lactic  acid  ferment  capable  of  act- 
ing upon  milk  sugar.  It  appears  that  this  dietetic  practise  is  still  on 
the  increase  and  likely  to  modify  the  habits  of  a  not  unimportant  part 
of  tho  community  in  respect  to  diet.  In  view  of  this  fact  it  aecniB  to 
ma  desirable  tn  consider  from  a  critical  standpoint  the  therapeutic 
elfbcts  supposed  to  be  derivable  from  the  use  of  fermented  milks,  and 
more  especially  from  milk  that  has  been  fermented  through  the  use  of 
I3ie  B,  buIgaricuB  recommended  by  Professor  Metchnikofl  and  now 
widely  employed  in  the  production  of  laeto-bacilline.  I  believe  that  at 
0)6  present  time  there  exists  a  considerable  confusion  of  mind  as  to 
what  may  or  may  not  reasonably  be  expected  in  the  way  of  therapeutic 
mtnlts  from  the  use  of  milk  which  has  undergone  lactic  acid  fermenta- 
tion. It  is  the  object  of  this  paper  to  consider  briefly  the  elements 
vbicfa  should  enter  into  the  formation  of  a  judgment  aa  to  the  thera- 
pmitic  efficacy  of  lacto-bacilline  and  allied  milk  products. 

In  order  to  be  able  to  form  an  unimpeachable  judgment  on  the 
therapeutic  action  of  a  fermented  milk,  it  is  necessary  that  experi- 
tnonts  of  a  very  painstaking  sort  should  be  carried  on  in  a  number  of 
individuals  for  considerable  periods  of  time.  Experiments  of  a  kind 
ealooUted  to  fumiali  a  firm  scientific  foundation  for  a  Tationsl  u^e  of 
fBrmented  milks  have  not  yet  been  made.    Such  experiments  in  order 
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to  be  deciaive  would  have  to  be  conducted  not  merely  on  people  in 
good  health,  but  also  on  a  suitable  variety  of  digeetive  and  nutritional 
diaorden  in  which  the  bacterial  conditions  in  the  intestine,  the  state 
of  metabollBm  and  the  general  conditions  of  life  are  taken  into  account 
with  the  greatest  care  and  judgment.  Although  I  have  for  many 
yean  been  interested  in  watching  the  influence  of  fermented  milk  on 
the  homan  organism  in  various  states  of  digestive  derangement,  and 
have  accumnlated  many  observations  bearing  on  the  question,  my 
experience  falls  far  sliort  of  what  is  necessary  to  establish  final  con- 
cloBions.  In  this  communication,  therefore,  I  do  not  offer  any  solu- 
tion of  the  therapeutic  problems  pertaining  to  the  use  of  fermented 
milks,  but  seek  only  to  discuss  critically,  in  the  light  of  such  informa- 
tion as  now  emts,  some  of  the  claims  that  have  been  made  for  the 
employment  of  these  kinds  of  milk.  I  do  this  with  the  thought  that 
a  discussion  of  the  various  elements  which  should  enter  into  the  forma- 
tion of  s  judgment  regarding  the  therapeutic  value  of  milk  subjected 
to  lactic  acid  fetinentation  may  prove  helpful  to  those  who  have  not 
given  the  subject  much  personal  study  and  are  therefore  unable  to 
analyze  the  problem  in  a  way  that  is  likely  to  serve  as  a  practical  guide. 

There  are  five  important  kinds  of  effects  referable  to  the  action  of 
fermented  milka  wjiich  must  be  considered  in  any  judgment  of  the 
therapeutic  effects  of  a  milk  which  has  undergone  lactic  acid  fermenta- 
tion. These  are,  first,  the  effects  on  the  absorption  of  fats  and  pro- 
teins; secondly,  the  pffcrfa  ilue  to  rcdiictinn  of  carbohvdrates :  thirdlv, 
effects  due  to  the  presence  of  lactic  acid ;  fourth,  effects  due  to  the 
bacteria  used  in  lactic  fermentation;  fifth,  effects  due  to  a  lowering  of 
putrefactive  decomposition.  These  latter  effects,  which  are  of  the  first 
importance  in  connection  with  any  study  of  the  action  of  fermented 
milk,  are  of  course  not  entirely  distinct  from  the  others  just  men- 
tioned, but  stand  related  to  each  of  these  other  factors.  Owing  to  their 
prominence,  however,  it  is  desirable  that  they  should  be  separately 
considered. 

At  present  the  influence  of  lactic  acid  fermentation  upon  absorp- 
tion of  the  milk  constituents  is  but  little  understood.  The  question 
relates  especially  to  the  absorption  of  fats  and  of  proteins,  for  the 
carbohydrates  of  the  milk  are  in  large  degree  removed  by  the  fermen- 
tative process,  lactic  acid,  carbon  dioxide  and  alcohol  being  the  chief 
constituents  resulting  from  the  breakdown  of  the  milk  sugar.  It  is 
important  that  we  should  obtain  exact  data  with  regard  to  the  abaorp- 
tion  both  of  the  fats  and  of  the  proteins,  but,  so  far  as  I  am  aware, 
these  do  not  at  present  exist.  If  it  could  be  shown  that  the  absorption 
of  milk  fat  and  of  milk  proteins  is  increased  in  health  through  the 
influence  of  lactic  acid  fermentation  of  any  kind,  this  would  be  a  dis- 
tinct argument  in  favor  of  the  nee  of  such  milk  as  an  article  of  diet^ 
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since  it  would  make  for  economy  in  the  administration  of  tlie  machinery 
of  the  body.  Equally  important  and  desirable  are  reliable  obeerva- 
tions  on  the  effect  of  fermented  milka  on  the  abBorption  of  milk  fata 
and  milk  proteins  in  various  types  of  inteBtinal  infection  with  their 
accompanying  acute  and  chronic  catarrhal  inflammation  of  the  mucous 
membranes  of  the  digoBtive  tract.  The  therapeutic  claims  put  forward 
by  enthusiastic  advocates  of  the  use  of  fermented  milk  have  in  general 
taken  a  different  direction  and  have  concerned  themselves  much  more 
with  the  question  of  the  reduction  in  intestinal  putrefaction  than  with 
increase  in  absorption.  But  it  must  not  be  overlooked  that  an  im- 
proved absorption  of  proteins  is  one  of  the  most  important  conditions 
in  general  for  reducing  intestinal  putrefaction,  because  whatever  favors 
prompt  and  complete  absorption  must  correspondingly  limit  the  oppor- 
tunity for  decomposition.  In  a  lesser  degree  this  statement  holds  true 
also  of  the  fats.  I  have  been  able  to  show  experimentally  that  in  nor- 
mal persons  the  butter-fat  may  be  much  increased  above  the  usual 
intake — say  from  fifty  grams  to  one  hundred  and  fifty  grams  daily — 
without  materially  increasing  putrefactive  decomposition.  On  the 
other  hand,  such  an  increase  in  butter-fat  in  persons  already  suffering 
from  increased  putrefactive  decomposition  shows  a  pronounced  tend- 
ency to  still  further  increase  the  putrefaction.  I  attribute  this 
tendency  to  the  mechanical  obstacle  to  prompt  absorption  of  proteins 
ariEing  from  the  presence  of  fat  in  abundance.  The  failure  in  prompt 
absorption  of  proteins  from  an  intestine  infected  with  putrefactive 
microorganisms  means  intense  putrefaction,  whereas  a  similar  failure 
in  a  healthy  intestine  is  far  less  significant  owing  to  the  relative  infre- 
quency  of  putrefactive  bacteria. 

In  considering  the  therapeutic  influence  of  fermented  milk,  it  is 
necessary  to  take  into  account  the  fact  that  in  such  milk  the  carbo- 
hydrate material  has  been  in  a  large  degree  replaced  by  the  products 
of  fermentation.  Where  milk  is  used  in  only  small  amounts  in  the 
dietary,  and  these  small  amounts  are  replaced  by  a  fermented  milk, 
the  difference  in  quantity  in  respect  to  the  intake  of  carbohydrates  may 
be  so  small  as  to  be  negligible.  Where,  however,  the  dietary  consists 
largely  of  milk  and  this  large  amount  of  milk  is  replaced  by  an  amount 
of  fermented  milk  equivalent  in  protein  and  in  fat,  the  difference  in 
respect  to  the  carbohydrate  material  may  assume  considerable  impor- 
tance. In  the  case  of  the  unfermented  whole  milk,  there  is  enough 
Tnilk  sugar  to  markedly  encourage  fermentative  decomposition  in  the 
intestine  with  the  production  of  considerable  gas.  The  gas-forming 
organisms  especially  likely  to  attack  the  milk  sugar  are  B.  lactia 
(BTogenea,  B.  coii  and  B.  arogenes  capaulatus  {B.  welchii,  or  B.  per- 
fringens).  In  cases  where  there  is  marked  flatulence  from  the  use  of 
whole  milk,  the  use  of  any  fermented  milk  in  which  the  milk  sugar 
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has  been  largely  destroyed  by  fermentBtive  bacteria  introduces  condi- 
tions  onfaTorable  for  uiteBtinal  fermentstioD.  I  consider  that  the 
diminution  in  fermentable  material  tbii8  ariaing  from  the  decrease  in 
tiie  carbohydrateB  of  the  milk  is  an  imporiAnt  factor  not  merely  in 
redncing  intestinal  fermentation,  but  also  in  reducing  intestinal  putre- 
faction, for  it  ia  tme  that  in  some  intestinal  infectiona  in  which  we  are 
justified  in  assuming  that  the  colon  bacillus  or  B.  ctrogenes  capsulattu 
or  both  these  orgasisma  have  extended  in  an  upward  direction  toward 
the  stomach,  the  abundant  presence  of  fermentable  carbohydrate  paba- 
lom  leads  to  a  great  increase  in  these  microorganiems.  After  the 
absorption  of  the  acid  produced  in  the  course  of  this  fermentation  there 
may  be  established  a  neutral  or  even  an  alkaline  reaction  in  the  lower 
part  of  the  small  intestine  and  in  the  colon.  In  the  absence  of  acid 
and  indeed  in  the  preeence  of  a  moderate  amount  of  acid,  the  colon 
bacilli  and  B.  (srogenes  capsulatus  are  capable  of  making  an  increased 
attack  upon  the  protein  material.  This  increases  intestinal  putrefac- 
tion. On  the  other  hand,  the  irritation  arising  from  organic  acids 
formed  in  the  small  intestine  and  stomach  often  leads  to  a  fermenta- 
tiTfl  diarrhtea. 

Turning  now  to  the  effects  attributable  to  the  presence  of  lactic 
acid  in  the  soured  milk,  it  is  at  once  apparent  that  we  have  to  dis- 
tinguish clearly  between  the  action  of  such  preformed  lactic  acid  as 
may  be  inb'oduced  with  the  milk  and  such  acid  as  may  be  formed  in 
the  course  of  further  lactic  acid  fermentation  after  the  soured  milk 
has  been  ingested.  The  essential  difference  lies  in  the  fact  that  such 
lactic  acid  as  is  preformed  in  fermented  milk  is  liable  to  be  absorbed 
from  the  upper  part  of  the  small  intestine,  whereas  if  lactic  acid 
fermentation  goes  on  within  the  digestive  tract,  the  acid  may  be  formed 
at  any  level  of  the  intestine.  In  the  former  case  the  action  of  the  acid 
is  to  be  regarded  as  largely  limited  to  the  portion  of  the  intestine  in 
which  putrefactive  decompositions  seldom  occur;  in  the  latter  case 
there  may  be  production  of  acid  within  the  territory  in  which  putre- 
factive decompositions  are  apt  to  take  place.  We  should  therefore 
expect  greater  anti-putrefactive  efficacy  from  the  use  of  soured  milk  con- 
taining living  lactic  acid  producers  than  from  the  same  milk  after 
flterilization.  Wliether  such  a  difference  as  this  is  actually  discernible 
in  practise  I  am  unable  to  say,  as  I  am  not  aware  of  the  existence  of 
Batisfactory  experiments  made  to  test  this  point. 

As  to  the  efficacy  of  lactic  acid  as  an  anti-putrefactive  agent  it  is 
necessary  to  speak  with  caution.  It  has  been  the  practise  of  many 
physicians  to  employ  lactic  acid  in  the  treatment  of  disorders  of 
digestion,  especially  those  of  infancy.  But  I  am  unaware  that  we  hare 
adequate  data  for  the  establishment  of  the  therapeutic  anti-putrefactive 
value  of  lactic  acid.    Where  the  stomach  secretes  no  free  hydrochloric 
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acid  it  is  reasonable  to  suppose  that  the  use  o£  lactic  acid  in  weak 
concentration  eierts  some  an ti- fermentative  action,  especially  againrt 
Buch  microorganiHms  as  do  not  readily  grow  in  acid  medium.  But 
there  are  many  kinds  of  mieroorganiams  in  the  digestive  tract  which 
are  resistant  to  the  action  of  lactic  acid  in  the  low  concentration  which 
can  be  tolerated  by  a  somewhat  irritable  mucous  membrane.  Moat 
yeasts  and  some  important  intestinal  bacteria,  such  as  B.  lacfis  wrogcnes, 
B.  bifida,  B.  infantilis  and  various  organisms  classed  at  acidophiles, 
have  this  property.  It  ia  a  fact  little  known  that  some  of  the  coccal 
organisms  of  the  intestine  resist  the  action  of  acid  in  a  remarkable 
meaanre.  It  ia  therefore  quite  clear  that  anything  approaching  a 
signiltcant  modification  of  the  activities  of  organisms  of  the  types  juflt 
mentioned  is  not  to  be  looked  for  through  the  use  of  lactic  acid.  More- 
over, I  have  shown  that  a  considerable  grade  of  acidity  in  the  intestinal 
tract  is  consistent  with  very  active  fermentative  growth  of  B.  wrogenes 
capsulatus.  This  organism  forms  butyric  acid  during  the  fermentation 
of  carbohydrates,  together  with  only  small  quantities  of  lactic  acid,  and 
there  is  no  reason  to  suppose  that  its  development  in  the  intestine  ia 
materially  inhibited  by  any  concentration  of  Inctic  acid  which  is  likely 
to  be  obtainable  in  the  lower  part  of  the  small  intestine  or  in  the  colon, 
either  as  the  result  of  administering  lactic  acid  or  in  consequence  of 
the  UBe  of  aoured  milk. 

That  a  considerable  or  high  degree  of  putrefactive  decomposition  in 
the  intestine  is  not  controllable  in  man  by  the  administration  of 
moderate  doses  of  lactic  acid  has  become  plain  to  me  as  the  result  of 
clinical  observation.  And  that  even  very  large  doses  of  lactic  acid  are 
nnable  to  restrict  intestinal  putrefaction  is  rendered  highly  probable 
from  experiments  made  in  my  laboratory  by  Dr.  Helen  Baldwin.  In 
dogs  taking  a  meat  diet  and  excreting  urine  characterized  by  abundant 
indican  and  high  ethereal  aulphates  there  was  no  falling  off  in  putre- 
faction as  a  result  of  administering  doses  of  lactic  acid  as  large  as 
five  grams  daily.  It  seema  to  me  doubtful  if  under  these  circum- 
etances  enough  lactic  acid  could  reach  the  large  intestine  to  exert  even 
a  moderate  anti-putrefactive  action.  The  experiments  just  mentioned 
represent  an  extreme  case,  since  they  were  made  on  animals  living  er- 
clusively  on  meat.  The  results  obtained  can  not,  therefore,  be  regarded 
as  strictly  applicable  to  man.  Nevertheless  tliese  experiments  are  in- 
Btructive  as  indicating  the  ineflicacy  of  large  doses  of  lactic  acid  in 
controlling  intestinal  putrefaction  where  the  conditions  for  such  putre- 
faction are  favorable  and  where  the  acid  is  given  under  conditions 
rendering  likely  its  absorption  in  the  upper  part  of  the  digestive  tract. 

That  the  presence  of  lactic  acid  in  soured  milk  does  not  necessarily 
exert  a  significant  anti-putrefactive  action  in  the  large  intestines  ia 
clearly  shown  by  the  observation  which  I  have  several  times  made  that 
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persons  suffering  from  chronic  intestinal  putrefaction  have  shown  no 
diminution  in  the  putrefactive  products  excreted  in  the  urine  when 
the  patients  liave  added  a  soured  milk  to  their  usual  diet.  It  ia,  of 
course,  clear  that  in  cases  of  this  sort  the  failure  of  the  putrefactive 
process  to  decline  may  be  attributable  to  the  introduction  of  more  than 
the  habitual  amount  of  protein  material.  The  observation  ia,  however, 
of  interest  in  that  it  emphasizes  the  fact  that  the  ingestion  of  lactic 
acid,  even  if  probably  associated  with  lactic  acid  fermentation  within  the 
intestine,  may  not  suflSce  to  exert  any  beneficial  influence  in  reducing 
putrefaction. 

I  do  not  wish  to  be  understood  aa  maintaining  that  the  presence 
of  lactic  acid  in  soured  mJllt  is  of  no  value  in  checking  intestinal  putre- 
faction. I  wish  merely  to  point  out  that  the  administration  of  lactic 
acid  per  se  can  not  be  regarded  as  a  significant  anti-putrefactive  pro- 
cedure. It  seems  to  me  probable,  on  the  other  hand,  that  the  presei 
of  lactic  acid  in  the  large  intestine  would  at  least  in  a  degree  tend  to 
restrict  putrefactive  decomposition.  But  I  must  own  that  positive  evi- 
dence on  this  point  seems  to  he  at  the  present  time  entirely  wanting. 
In  my  judgment  only  very  carefully  planned  studies  would  suEBce  to 
enable  us  to  form  a  final  opinion  on  the  value  of  lactic  acid  as  an  anti 
putrefactive  agent.  We  are  not  justified  in  developing  an  enthusiaatit 
attitude  toward  lactic  acid  as  an  agent  in  the  inhibition  of  intestinal 
putrefaction  on  the  basis  of  our  present  knowledge. 

Let  UB  now  consider  the  effects  derivable  from  the  bacteria  used  in 
lactic  fermentation.  Aa  an  example  of  a  strong  lactic  acid  producer 
we  may  take  B.  bulgaricits,  used  in  the  production  of  lacto-bacilUne. 
This  organism  is  a  powerful  lactic  acid  ferment,  forming  large  amounts 
of  lactic  acid  from  milk  sugar  while  forming  very  little  alcohol.  The 
organism  grows  well  in  milk  and  on  some  media  containing  an 
abundance  of  soluble  carbohydrates,  as,  for  instance,  in  malt  extracts. 
We  may  take  the  behavior  of  B.  bulgaricus  in  the  digestive  tract  aa 
being  typical  of  efficient  lactic  acid  bacilli  in  general.  There  are  two 
questions  which  we  must  put  to  ourselves  regarding  the  therapeutic 
effects  of  such  bacteria.  First,  to  what  extent  do  the  lactic  acid  bacilli 
replace  obligate  normal  types  of  bacteria  or  the  undesirable  saprophytic 
forme  present  in  disease?  Secondly,  to  what  extent  ia  it  desirable  that 
there  should  be  a  replacement  of  the  intestinal  flora  by  lactic  acid 
bacilli  P 

It  is  one  of  the  fundamental  assamptions  of  the  sour  milk  treat- 
ment of  intestinal  diseases  that  the  lactic  acid  producing  microorgsn- 
iams  establish  themselves  thronghout  the  digestive  tract  and  throngh 
their  more  or  less  aggressive  growth  directly  or  indirectly  inhibit  the 
development  of  putrefactive  or  other  undesirable  forms  of  bacteria. 

Bome  of  the  statements  put  before  the  public  in  regard  to  the  action 
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of  the  lactic  acid  bacilli  it  is  claimed  that  they  drive  out  other  forma 
of  bact«ria  from  the  large  intestine,  the  chief  seat  of  intestinal  putre- 
faction. It  is  desirable  that  we  should  soberly  consider  the  known 
facta  relating  to  this  question.  I  think  it  safe  to  say  that  the  ability 
of  lactic  acid  forms  to  replace  or  dominate  other  types  of  bacteria  in 
the  large  intestine  ia  much  exaggerated.  I  have  devoted  some  stiidy 
to  this  question,  especially  in  the  case  of  the  B.  bulgaricus  employed 

the  production  of  lacto-baciliine.  This  organism,  owing  to  its 
large  size,  morphology  and  cultural  peculiarities  is  easily  recognized 
and  is  cultivable,  from  the  intestinal  contents.  When  given  to  human 
beings  in  the  large  numbers  present  in  lacto-bacilline  it  can  after  a  few 
days'  administration  be  cultivated  without  difficulty  from  the  move- 
ments. Even  when  large  quantities  of  the  fermented  milk  have  been 
taken  I  have  not  found  that  it  becomes  the  dominant  organism,  although 
it  may  be  present  in  moderate  numbers.  On  stopping  the  administra- 
tion of  the  lacto-bacilline,  the  B.  bulgaricus  generally  disappears  in  the 
course  of  a  few  days,  showing  that  it  has  not  permanently  established 
itself  within  the  intestinal  tract.  There  may  be  exceptions  to  this 
statement,  but  I  have  not  yet  met  with  any.  These  clinical  results  are 
quite  in  accord  with  those  obtained  by  Dr.  Kendall  and  myself  in 
experiments  upon  a  monkey  fed  for  two  weeks  on  lacto-baeilline  ex- 
clusively. At  the  end  of  this  period,  when  the  movements  were  show- 
ing the  regular  presence  of  B.  bulgaricus  in  relatively  moderate 
nnmbers,  the  anima!  was  killed  and  the  digestive  tract  examined  with 
care  at  all  its  levels.  The  lactic  acid  organisms  were  found  in  greatest 
abundance  in  the  small  intestine.  In  the  lowest  portion  of  the  small 
intestine  a  notable  falling  off  was  observed  and  other  types  of  bacteria 
were  prominent.  In  the  large  intestine  the  numbers  were  only 
moderate  as  compared  witli  other  varieties  of  bacteria,  thus  clearly 
showing  that  in  this  instance,  at  least,  the  B.  bulgaricus  was  very  far 
from  dominating  other  associated  types  of  bacteria.  I  consider  this 
fact  noteworthy,  as  the  experiment  was  carried  out  under  conditions 
highly  favorable  to  the  establishment  of  the  lactic  acid  bacilli  in  the 
digestive  tract.  The  large  number  of  microorganisms  given  and  the 
relatively  short  extent  of  the  digestive  tract  in  the  monkey  should,  it 
would  seem,  provide  conditions  for  the  adaptation  of  the  organisms 
throughout  the  alimentary  canal. 

It  is  probable  that  the  experience  just  recounted  with  regard  to 
lactic  acid  bacilli  is  not  at  all  exceptional,  or  in  other  words  that 
foreign  bacteria  in  general  find  it  difficult  to  gain  a  permanent  footing 
in  the  digestive  tract.  The  literature  of  experimental  bacteriology 
shows  this  to  lie  the  case.  Personal  experiments  made  with  a  highly 
fermentative  putrefactive  organism — B.  arogenes  capsulatua  (B. 
melckii  or  B.  perfringem  of  the  French  writers) — in  feeding  experi- 
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meatB  on  monkeys  showed  that  in  health  these  animala  have  the  power 
of  Teiy  quickly  ridding  themselves  of  this  variety  of  bacteria.  Experi- 
ments  now  under  way  with  a  microorganiHm  described  by  myself  and 
Dr.  Kendall  as  B.  infantilia  and  found  very  abundantly  in  some  of  the 
digestlTe  diseases  of  children,  show  the  same  thing  to  hold  true. 

The  fact  that  B.  bulgariciis  does  not  readily  gain  a  dominant  posi- 
tion in  the  digestive  tract  in  man  or  in  the  monkey  has  an  ohviona 
bearing  on  the  resulta  to  be  esjwcted  from  its  tlierapeutic  use.  If  it 
be  indeed  true  that  B.  hulgaricus  is  capable  by  ita  presence  in  the 
intestinal  tract  of  inhibiting  undesirable  types  of  bacteria  and  especially 
the  microorganisms  concerned  with  intestinal  putrefaction,  then  it  tnnst 
be  eqnally  tnie  that  the  difficulty  in  Qg  a  dominant  and  perma- 

nent foothold  in  the  intestinal  tract  is  a  ii  with  which  we  must  reckon 
in  any  estimate  of  the  results  likely  to  bs  itained  through  tiie  admin- 
ietration  of  these  organisms.  The  moderate  representation  of  B. 
biUgaricw  in  the  large  intestine  after  the  free  administration  of  lacto- 
bacilline  js  surely  something  very  different  from  what  lias  been  already 
frequently  pictured  by  the  entlmsiastic  upholders  of  the  use  of  this 
lorm  of  fermented  milk  in  the  treatment  of  diseasea  of  the  digestive 
tract. 

I  think  it  has  been  assumed  with  far  too  little  reason  that  the 
d(nninuit  presence  of  foreign  microorganisms  of  the  lactic  acid  groap  iB 
neceBsarily  a  desirable  thing.  If  it  could  he  shown  that  lactic  acid 
bacilli,  Bi^ch  as  B.  hulgaricus  or  certain  varieties  of  B.  addi  lactici,  have 
the  faculty  of  replacing  undesirable  forms  of  microorganisms  such  as 
the  bacilli  of  typhoid  or  of  parat}'phoid  fever  or  putrefactive  micro- 
organisms, such  as  B.  protcus  vulganis  or  B.  (srogenei  capsulatus,  this 
would  undoubtedly  be  cause  for  congratulation,  especially  if  it  could 
be  shown  at  the  same  time  that  the  normal  flora  of  the  digestive  tract 
remained  unchanged.  I  do  not  deny  the  possibility  that  this  selective 
kind  of  anti-baeterial  action  may  some  day  be  proved  to  exist.  I 
desire  merely  to  point  out  that  at  present  I  know  of  no  facta  to  justify 
us  in  believing  that  such  antagonistic  action  as  the  lactic  acid  bacteria 
may  possess  is  directed  solely  against  the  disease-inciting  invaders  of 
(he  digestive  tract.  If  it  should  prove  true  that  the  antagonism  exerted 
by  the  lactic  acid  bacilli  against  injurious  invaders  is  also  exerted 
against  the  obligate  bacterial  inhabitants  of  the  alimentary  canal,  such 
as  B.  colt  communis  and  B.  lactis  arogenes,  I  am  by  no  means  con- 
vinced that  this  could  be  regarded  as  a  point  in  favor  of  the  prolonged 
therapeutic  use  of  lactic  acid  bacilli.  If,  as  appears  to  be  true,  these 
obligate  inhabitants  of  the  digestive  tract  are  especially  adapted  to  the 
normal  conditions  of  secretion  and  digestion  in  the  human  intestine  and 
tend  to  be  oppressed  in  some  eerions  conditions  of  the  digestive  trsct 
(while  their  reappearance  and  reestablisbment  in  >■  ntubera 
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is  one  of  the  first,  most  definite  and  most  reasauring  signs  of  im- 
provement in  the  clinical  condition  of  certain  kinds  of  patients)  to 
malie  use  of  any  mode  of  lactic  acid  bacillus  therapy  which  will  inhibit 
the  normal  development  of  B.  larlis  m-ogenM  or  B.  coli  communis  in 
the  digestive  tract  would,  in  my  judgment,  be  a  profound  error  in  prin- 
ciple. I  do  not  wish  to  intimate  that  I  consider  B.  hulgaricus  or  any 
of  the  common  lactic  acid  bacilli  to  be  capable  of  seriously  checking  the 
growth  of  B.  lactis  arogmea  and  B.  coH  communis  in  the  digestive 
tract,  but  wish  to  state  that  in  so  far  as  such  modification  is  possible 
it  appears  to  me  not  without  undesirable  features.  To  the  validity  of 
this  statement  there  is  one  possible  exception  that  occurs  to  me.  In 
cases  where  there  is  a  colon  bacillus  infection  of  the  intestine,  that  is 
to  say,  an  infiammatory  state  associated  with  a  great  over-growth  of 
B,  coli,  the  antagonistic  iDfluence  of  lactic  acid  bacilli  might  be  useful. 
But  T  am  not  sure  that  this  is  more  than  a  merely  apparent  exception 
to  the  general  rule  which  I  have  above  expressed  as  valid,  for  it  is  not 
clear  that  it  has  been  proved  tiiat  the  colon  bacilli  apparently  answerable 
for  digestive  infections  are  in  reality  the  normal  colon  bacilli.  It  ap- 
pears to  me  more  likely  that  they  are  commonly  variants  of  such  bacilli 
whose  fermentative  characters  have  not  yet  been  determined  fully  and 
precisely. 

I  would  also  mention  here  the  fact  that  there  are  diseases  of  the 
intestinal  tract  associated  with  the  presence  of  bacteria  capable  of 
forming  lactic  acid.  Obviously,  then,  this  property  of  a  microorganism 
does  not  necessarily  screen  the  digestive  tract  from  injury. 

One  of  the  most  important  and  most  loudly  heralded  effecfe  of  the 
administration  of  soured  milk  is  that  on  intestinal  putrefaction.  Un- 
der conditions  of  health  the  putrefactive  decompositions  in  the  intes- 
tinal tract  seldom  attain  a  considerable  degree  of  intensity— a  surpris- 
ing fact  when  we  consider  the  immense  numbers  of  b&<;teria  which 
inhabit  the  large  intestine.  In  many  pathological  states  the  condi- 
tions of  putrefaction  in  the  intestine  are  very  much  altered  in  the  direc- 
tion of  great  intensification.  This  is  shown  both  by  the  dominance  of 
putrefactive  microorganisms  in  the  large  intestine  and  by  the  appear- 
ance of  products  of  putrefactit>n  in  the  urine.  It  is  unnecessary  here 
to  discuss  the  nature  of  these  products.  It  should,  however,  be  pointed 
out  that  the  intensity  of  putrefaction  as  judged  by  the  quantity  of 
putrefactive  products  in  the  urine  is  notably  influenced  by  the  quan- 
tity of  protein  material  ingested.  We  may  say  that  in  general  a  con- 
siderable increase  in  the  protein  intake  is  followed  by  a  corresponding 
increase  in  putrefaction  and  that  a  marked  diminution  in  protein 
intake  is  followed  by  a  distinct  falling  off  in  putrefaction.  This  state- 
ment holds  true  in  genera!  in  conditions  of  health  and  it  is  even  more 
strikingly  exemplified  in  cases  of  chronic  intestinal  infection  associated 
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with  habitual  excess  in  putrefaction.    In  view  of  this  fact  it  is  dear 
that  in  experiments  designed  to  determine  the  influence  of  fermented 
milks  upon  the  intensity  of  putrefaction  it  is  essential  to  take  accurate 
cognizance  of  the  quantity  of  protein  ingested.    It  is  easy  to  under- 
stand that  if  a  patient  has  been  in  the  habit  of  eating  for  his  midday 
meal  an  abundance  of  protein  food  and  decides  under  advice  to  take 
a  fermented  milk  for  his  lunch  in  place  of  the  more  elaborate  meal, 
the  mere  reduction  in  protein  will  suflBce  to  reduce  putrefaction.     So 
it  is  clear  that  a  decrease  in  putrefaction  can  be  effected  through  a 
variety  of  dietaries  which  have  in  common  the  fact  that  they  contain 
a  smaller  amount  of  protein  material  than  the  patient  has  been  in  the 
habit  of  eating.    Whole  milk  and  various  fermented  milks  are  thus 
capable  of  influencing  putrefaction  in  such  a  way  that  we  may  readily 
fall  into  the  error  of  exaggerating  their  influence  upon  putrefactive 
decomposition  in  the  intestine.    Hence  it  is  evident  that  the  only  fair 
test  of  the  value  of  a  fermented  milk  in  respect  to  its  influence  on 
putrefaction  is  to  compare  it  with  the  effects  of  other  articles  of  diet 
containing  exactly  the  same  amount  of  protein  material.     Such  care- 
ful comparisons  have  not,  I  believe,  been  made  up  to  the  present  time. 
In  the  future  they  will  doubtless  be  made  and  will  enable  us  to  form 
quite  definite  judgments  as  to  the  relative  effectiveness  of  different 
kinds  of  fermented  milks  upon  intestinal  putrefaction.     At  present  I 
should  hesitate  to  say  that  one  kind  of  fermented  milk  is  more  effective' 
than  another  in  bringing  about  a  reduction  in  intestinal  putrefaction. 
We  may  regard  it  as  well  established  that  a  diet  in  which  milk 
takes  the  place  of  other  kinds  of  food  is  very  apt  to  be  followed  by  a 
reduction  in  the  intensity  of  putrefactive  decomposition  in  the  intes- 
tine.    There  are,  however,  clinical  indications  that  the  use  of  fer- 
mented milks  does  possess  real  advantages  over  the  use  of  whole  milk 
at  least  in  some  disorders  of  digestion.     Although  the  exact  character 
of  these  advantages  is  not  yet  firmly  established,  they  seem  to  be  none 
the  less  real.     From  what  has  already  been  said  in  this  paper  on  the 
criteria  of  judgment  of  the  action  of  fermented  milks,  it  is  evident 
that  the  clinical  advantages  which  have  been  observed  may  be  attrib- 
utable to  several  different  peculiarities  possessed  by  fermented  milks  in 
general.     One  of  these  is  the  favorable  mechanical  influence  on  the 
minute  subdivision  of  the  casein,  which  prevents  the  undesirable  effects 
associated  with  the  presence  of  large  clots  of  casein  which  are  not 
easily  disposed  of  in  persons  with  weak  digestion.     The  exact  conse- 
quences of  this  advantageous  mechanical  state  of  the  milk  food  can  not 
now  be  appraised.     A  second  point  which  has  already  been  mentioned 
is  the  formation  of  lactic  acid.     Here  again  the  precise  extent  of  the 
favorable  influence  can  not  be  measured;  but  on  the  other  hand  it  can 
be  denied  that  in  at  least  some  disorders  of  digestion  the  presence 
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of  lactic  acid  in  the  intestinal  tract  may  esert  a  degree  of  anti-putre- 
factive action.  It  should,  however,  be  remembered  that  there  are  per- 
with  ciironic  inSammatory  states  of  the  digestive  tract  who 
tolerate  very  badly  acids  of  ail  Borta.  These  persons  are  unable  to  take 
considerable  quantities  of  fermented  milk  If  tlie  milk  contains  a  high 
percentage  of  lactic  acid,  the  attempt  to  utilize  such  food  being  fol- 
lowed by  various  unpleasant  sensations  and  diarrhma.  The  possible 
anti-putrefactive  influence  of  the  presence  of  living  lactic  acid  bacilli 
in  various  parts  of  the  digestive  tract  has  already  been  discussed  at 
sufficient  length  and  it  has  been  pointed  out  that  this  factor  again  is 
one  whose  value  can  not  at  present  be  accurately  estimated. 

It  must  be  plain  from  what  has  been  said  that  the  therapeutic  use 
of  fermented  milks  rests  at  the  present  time  rather  more  securely  on 
the  clinical  observations  that  have  been  made  with  it  than  on  an  ade- 
quate scientific  study  of  the  influence  eserted  upon  digestion  and 
nutrition  and  especially  on  the  processes  of  putrefaction.  To  obtain 
the  necessary  scientific  data  will  require  elaborate  and  very  laborious 
experiments  covering  long  periods  of  time.  With  the  aid  of  such 
experiments  I  have  no  doubt  that  the  usefulness  of  soured  milks  in 
health  and  in  disease  will  be  definitely  and  discriminatiugly  estab- 
lished. The  limitations  of  utility  will  become  equally  plain,  and  I 
predict  that  they  will  prove  to  be  many.  The  importance  of  this  sub- 
ject for  the  welfare  of  people  at  large  not  only  in  respect  to  immediate 
physical  comfort  and  efEciency  but  as  regards  the  prolongation  of  life, 
would,  in  my  opinion,  amply  justify  a  very  considerable  expenditure  of 
money  to  acquire  this  knowledge. 

It  can  not  be  regarded  as  surprising  t!iat  the  enthusiasm  which 
has  been  aroused  partly  through  the  public  exploitation  of  various 
kinds  of  fermented  milk  in  the  treatment  of  disease  and  partly  by  the 
undoubted  successes  of  the  treatment  should  have  led  to  various  abuses. 
One  of  the  most  important  things  to  understand  in  reference  to  the 
use  of  fermented  milk  is  that  it  should  be  employed  in  most  instances 
as  a  substitute  for  other  forma  of  food  rather  than  as  an  addition  to 
the  usual  dietary.  Especially  is  it  necessary  to  bear  this  in  mind  in 
the  case  of  chronic  disorders  associated  with  an  increase  in  putrefac- 
tion. The  addition  of  a  considerable  amount  of  fermented  milk  to  the 
habitual  dietary  has  often  been  practised  with  disastrous  results,  and 
I  do  not  doubt  that  this  practise  is  still  widely  extended.  Such  bad 
results  might  be  predicted,  for  since  all  fermented  milks  contain  a 
large  proportion  of  protein  material  capable  of  undergoing  putrefac- 
tion and  since  this  putrefaction  is  not  checked,  in  any  specific  way, 
through  the  agency  of  the  fermented  milk  itself,  a  great  increase  of 
patrefactive  decomposition  may  follow  the  injudicious  excessive  use 
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of  Eucii  food.     I  iiave  seen  seven]  iD^tanoee  of  this  error,  which  i 
confined  to  laymen,  but  is  Bometimes  committed  by  phj-eiciauB  also. 

Another  featnre  of  fermentwl  milk  which  DOcd«  to  he  nlos^Iy  scrU'f 
tinized  is  tiie  character  of  the  microorganisms  employud  aa  fenoei 
of  the  milk.     In  a  few  inetances  I  have  known  tu  be  u»ed  ai*  feruustii 
what  I  hpliove  to  be  very  undesirable  typea  of  bacteria.     I  think  i|| 
may  he  said  that  meet  of  the  fermented  milks  on  the  Dinrki:L  ia  tllil 
country  at  the  present  time  coatain  chiefly  fermentative  [ 
which  are  hannleas  when  not  excpssivcly  administered.     In  t 
the  lactic-ucrd  producing  bacteria  have  become  con  tarn  inat<.-d  l>y  ] 
sibly  undeeirabU  yeaata.     It  is  only  natural  that  accidents  of  this  ■ 
Bhould  oceur  in  what  is  comparatively  a  new  industry,  and  it  is  ILkd^ 
ttiat  with  increasing  experience  the  manufacturers  of  the  Tanoos  i 
mentcd  milks  will  he  compelled  to  exercise  every  reasonable  caiitiaa  iq 
regard  to  tlie  purity  and  cjuali^  of  the  ferments  employed  10  I 
products. 

The  use  of  tablets  of  other  preparations  of  lactic  acid  bAtilUI  i 
now  becoming  widespread.     The  tablets  are  taken  with  some  e 
drate.  material  which  will  permit  the  growth  of  the  bacteria  | 
formation  of  lactic  acid.     1  have  seen  good  results  from  thi<i| 
of  using  lactic  acid  bacilli,  in  tlie  relief  of  eymptoma  refer 
ceesive  intestinal  putrefaction.     But  I  do  not  think  the  data  < 
present  for  an  intelligent  comparison  of  this  use  of  lactic  aeitt  1 
with  their  use  in  fermented  milks.     I   hope  before  long  to  ba  ^ 
to  discuss  this  question  on  the  husis  of  (>xpcrimental  ubsen'stioiBL. 
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In  the  course  of  the  summer  of  1908,  while  carrying  on  a 
research  on  the  action  of  sodium  benzoate  on  the  human  body, 
which  has  been  published  in  Bulletin  No.  88  of  the  United 
States  Dejiartment  of  Agriculture,  observations  were  also  made 
upon  the  influence  of  sodium  benzoate  upon  the  multiplication 
and  gas  production  of  various  kinds  of  bacteria,  and  some  of 
these  observations  appear  to  be  of  sufficient  interest  to  make  it 
■worth  while  to  place  them  on  record,  especially  in  view  of  the 
interest  that  has  been  roused  recently  through  the  discussion  of 
the  influence  of  sodium  benzoate  upon  the  human  organism. 
The  observations  upon  the  effect  of  sodium  benzoate  on  the 
multiplication  and  gas  production  of  bacteria,  which  form  the 
subject  matter  of  these  notes,  do  not  constitute  a  systematic 
examination  of  the  subject  in  question,  but  they  are  sufficiently 
numerous  and  varied  to  establish  some  features  of  interest  which 
I  think  have  not  been  heretofore  noted. 

I.  One  portion  of  the  work  related  to  the  examination  of 
various  canned  and  bottled  foodstuffs  and  condiments.  At 
my  request,  made  through  the  secretary  of  the  National  Food 
Manufacturers'  Association,  thirty-seven  different  varieties  of 
canned  and  bottled  foods  were  sent  to  me  for  examination. 
This  list  does  not  include  certain  samples  of  codfish  which  had 
been  spoiled  through  the  action  of  bacteria,  which  were  sent 
to  me  from  Gloucester,  Mass.  The  food-stulYs  and  condiments 
sent  me  included  samples  of  chili  sauce,  catsup,  sweet  pickles; 
table  syrup;  peach,  blueberry,  strawberry,  damson,  blackberry. 
apricot,  pineapple  and  white  cherry  preserves;  strawberry, 
blackberry,  apricot,  pineapple  and  white  cherry  jam;  currant 
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jelly;  lemon  and  prune  pie-fiUing;  apple  cider;  and  various  soda 
fountain  syrups. 

The  procedure  followed  in  the  examination  of  these  foodstuffs 
was  to  introduce  about  0,5  gram  of  the  sohd  or  semi-solid  material 
into  dextrose,  lactose  and  saccharose  bouillon  which  had  been 
sterilized  in  fermentation  tubes.  In  the  case  of  fluid  prepara- 
tions 0.5  cc.  was  added  to  similar  fermentation  tube  media. 
All  the  Lubes  were  incubated  for  forty-eight  hours  at  37°  C. 

Out  of  the  thirty-seven  food  preparations  which  were  sub- 
mitted for  examination,  twenty-seven  were  stated  to  have  con- 
tained 0.1  per  cent  of  sodium  benzoate.  In  one  other  instance 
sodium  benzoate  was  employed,  but  the  amount  added  was  not 
stated.  It  is  believed  that  in  most  if  not  all  the  instances  where 
sodium  benzoate  was  employed  as  a  preservative,  sterilization 
by  heat  was  also  practiced,  but  on  this  point  I  have  no  actual 
proofs. 

It  is  noteworthy  that  of  the  twenty-seven  samples  of  prepara- 
tions preserved  with  the  aid  of  sodium  benzoate  in  q.i  per  cent 
concentration,  tWenty-two  gave  indications  of  containing  small 
numbers  of  bacteria  or  their  spores. 

The  features  noted  in  regard  to  the  growths  in  the  fermenta- 
tion tubes  Mere  specially  the  degree  of  turbidity  in  the  bulb  and 
closed  arm  of  the  tube,  the  presence  or  absence  of  a  pellicle,  and 
the  presence  or  absence  of  gas.  In  no  instance  was  there  any 
gas  production  in  a  tube.  In  two  instances  a  growth  was 
observed  in  saccharose  bouillon;  once  without  the  formation  of 
a  pellicle,  once  with  the  formation  of  a  pellicle.  In  eight  instances 
abundant  growths  were  observed  in  the  fermentation  tubes  con- 
taining lactose  bouillon,  in  each  instance  without  the  formation 
of  a  pellicle.  In  none  of  these  eight  instances  of  bacterial  growths 
in  the  lactose  bouillon  fermentation  tubes  was  there  any  growth 
in  the  saccharose  or  the  dextrose  tubes.  In  seven  instances 
abundunt  growths  were  observed  in  the  dextrose  bouillon  fer- 
mentation tubes;  three  times  with  the  formation  of  a  pellicle, 
four  times  without  the  formation  of  a  pellicle.  In  all  seven 
instances  mentioned  the  dextrose  tubes  alone  contained  growths, 
the  saccharose  and  lactose  tubes  being  free  from  growths.  In 
three  instances,  growths  were  observed  in  all  three  media,  with  the 
formation  of  a  pellicle.      In  two  instances  growths  were  observed 
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in  the  dextrose  and  the  lactose  fermentation  tubes  with  the  for- 
mation of  a  pellicle,  no  growth  occurring  in  the  saccharose  tube. 
In  one  instance  a  growth,  with  a  pellicle,  occurred  in  the  dextrose 
and  saccharose  tubes  but  not  in  the  lactose  tube. 

These  observations  make  it  clear  that  the  addition  of  sodium 
benzoate  in  o.i  per  cent  concentration  to  the  varieties  of  food 
preparations  in  question  cannot  be  regarded  as  insuring  the 
absence  of  living  bacteria  or  their  spores,  notwithstanding  the 
fact  that  it  is  probable  that  in  most  of  the  instances  sterilization 
by  heat  had  also  been  employed.  On  the  other  hand  it  is  to  be 
noted  that  the  types  of  organisms  which  grew  in  the  fermentation 
tubes  were  not  numerous.  Three  different  organisms  which 
were  isolated  were  spore-formers  and  it  is  not  unlikely  that  all 
of  the  organisms  which  were  obtained  in  the  fermentation  tubes 
belong  to  the  spore-forming  class.  The  spores  in  each  instance 
were  observed  to  be  very  resistant  to  the  action  of  heat.  No 
extended  effort  was  made  to  identify  the  organisms  observed, 
but  the  available  indications  (size,  form,  motility,  behavior 
towards  Gram-stain)  make  it  probable  that  most  of  them  belong 
to  the  subtilis  group. 

II.  Observations  were  also  made  on  the  action  of  sodium 
benzoate  and  benzoic  acid,  sodium  hippurate  and  hippuric  acid 
on  pure  cultures  of  certain  types  of  intestinal  bacteria.  The  pro- 
cedure employed  consisted  of  adding  these  various  substances 
to  plain  bouillon,  to  dextrose  bouillon,  and  to  dextrose  bouillon 
containing  calcium  carbonate.  The  concentrations  employed 
in  each  instance  were  0.05  per  cent,  o.i  per  cent,  and  0.2  per 
cent.  At  the  end  of  twenty-four  hours  and  again  at  the  end  of 
forty-eight  hours  all  the  tubes  were  examined  and  compared 
with  control  fermentation  tubes  containing  media  to  which  no 
preservative  had  been  added.  The  results  were  then  tabulated. 
The  organisms  employed  were  the  following:  B.  colt,  Mic.  ovalis, 
Mic.  albus,  Bad.  aerogenes,  B.  infantilis  (two  strains,  one  of  which 
was  acidophilic)  and  a  pseudo-gas  bacillus.  In  most  instances  in 
which  benzoic  acid  or  sodium  benzoate  was  added  the  growths 
were  somewhat  inhibited  but  the  effects  observed  from  concen- 
trations of  0.05  and  O.I  per  cent  were  much  less  pronounced  than 
where  the  concentration  was  0.2  per  cent.  In  general,  inhibition 
was  more  marked  from  the  action  of  sodium  benzoate  than  in 


64  Action  of  Sodium  Benzoate  on  Bacteria  ■ 

case  of  ketsups,  where  I  understand  it  has  been  found  necessary 
to  use  O.J  or  0.3  per  cent  to  protect  against  bacteria  and  yeasts. 

It  is  possible  that  in  semi-solid  food  preparations  a  conceolra- 
tion  of  0,1  per  cent  sodium  benzoate  is  all  that  is  required  to 
prevent  the  multipHcation  of  ordinary  microorganisms  of  the 
air.  Definite  knowledge  of  the  influence  of  the  water  cojitent 
of  such  preparations  on  the  efficiency  of  the  protective  action 
of  sodium  benzoate  is  a  desideratum. 

Ill,  Some  observations  were  made  on  the  action  of  sodium 
benzoate  and  benzoic  acid  on  the  mixed  intestinal  flora  of  normal 
individuals.  The  general  procedure  employed  here  was  as 
follows:  Approximately  0.1  gram  of  representative  fecal  material 
was  suspended  in  sterile  physiological  sahne  solution  and  inocu- 
lated into  fermentation  tubes  containing  dextrose  bouillon,  or 
dextrose  bouillon  to  which  calcium  carbonate  had  been  added 
in  excess.  The  concentration  of  the  preservatives  varied  from 
0.05  to  0.2  per  cent.  Control  experiments  were  made  with 
corresponding  media  containing  no  preservative.  Obper\'ations 
were  made  upon  the  turbidity  of  the  growths,  on  the  gas  produc- 
tion and  on  the  character  of  the  sediments.  The  tubes  were 
incubated  at  37°  C,  and  observations  were  made  and  recorded  at 
the  end  of  twenty-four  and  forty-eight  hours,  respectively-  The 
following  results  were  obtained.  Sodium  benzoate  in  o.i  per 
cent  concentration  and  benzoic  acid  in  0.05  per  cent  concentra- 
tion, in  dextrose  bouillon,  were  found  to  inhibit  the  formation 
of  gas.  Sometimes  after  twenty-four  hours  a  few  millimeters 
of  gas  were  observed  in  the  tubes  containing  sodium  benzoate, 
and  both  in  the  case  of  the  benzoate  and  the  free  acid  moderate 
numbers  of  Gram-negative  bacilli  referable  morphologically  to 
the  S,co/(  group  were  observed.  A  few  coccal  forms  and  some 
Gram-positive  rods  were  also  observed.  Organisms  of  the  bifidus 
type  were  very  seldom  obser^^ed.  A  few  bacteria  of  acidophiUc 
character  were  generally  observed,  but  organisms  of  the  latter 
type  were  frequently  noted  in  fewer  numbers  than  in  the  sedi- 
ments of  the  control  fermentation  tubes.  When  the  preserva- 
tives were  used  in  higher  concentrations,  that  is  0.1  per  cent 
sodium  benzoate  and  0,1  and  0.3  per  cent  benzoic  acid.  Gram- 
negative  forms  referable  to  the  B.  coli  type  were  frequently  less 
numerous  than  in  the  control  tubes.     On  the  other  hand   the 


C.  A.   Herter  65 

coccal  forms  usually  did  not  show  such  inhibition  but,  on  the  con- 
trary, sometimes  exhibited  a  marked  overgrowth,  especially  in 
the  case  of  the  Gram-positive  forms.  Sometimes  there  was  a 
slight  increase  in  the  numbers  of  Gram-negative  bacilli  and 
cocci,  but  this  was  an  inconstant  modification. 

In  dextrose  bouillon  to  which  calcium  carbonate  had  been 
added  gas  formation  was  distinctly  increased.  The  amount  of 
gas  was  usually  greater  than  in  the  control  fermentation  tubes 
containing  calcium  carbonate.  The  Gram-negative  forms  of 
the  B.  colt  type  and  some  other  Gram-negative  forms  accumu- 
lated more  abundantly  in  the  fermentation  tubes  than  in  dextrose 
bouillon  fermentation  tubes  containing  preservative  but  no 
calcium  carbonate. 

It  thus  appears  that  sodium  benzoate  and  benzoic  acid  in  the 
concentrations  employed  in  these  experiments  have  the  power  of 
diminishing  the  gas  production  in  fermentation  tubes  and  at  the 
same  time  modifying  somewhat  the  character  of  the  fermenta- 
tion tube  sediments.  The  chief  modification  appears  to  be  an 
inhibition  in  the  growth  of  organisms  of  the  B,  coli  type  and  a 
relative  increase  in  coccal  forms  of  bacteria.  In  fermentation 
tubes  containing  calcium  carbonate,  the  Gram-negative  colon- 
like organisms  were  not  inhibited  as  in  the  case  of  tubes  contain- 
ing no  calcium  carbonate. 

In  this  connection  may  be  mentioned  the  action  of  sodium  ben- 
zoate on  the  gas-forming  properties  of  human  mixed  intestinal 
bacteria,  as  reported  by  me  in  the  research  from  my  laboratory 
published  in  Bulletin  No.  88  of  the  United  States  Department 
of  Agriculture.  It  was  observed  that  the  fecal  flora  of  persons 
taking  several  grams  of  sodium  benzoate  daily  no  longer  pro- 
duced as  much  gas  as  previously  (when  smaller  quantities  of 
sodium  benzoate  had  been  taken)  in  dextrose  bouillon.  There 
appeared  to  be  no  doubt  as  to  the  relation  between  the  taking 
of  the  benzoate  and  the  diminished  gas  production.  The  pre- 
paratory period  on  small  doses  of  sodium  benzoate  does  not  seem 
to  be  necessary  for  the  development  of  this  effect  of  larger  doses. 
One  of  our  subjects  was  especially  studied  with  reference  to  this 
point.  The  administration  of  four  grams  daily  of  sodium  ben- 
zoate for  several  days  was  soon  followed  by  a  diminished  power 
of  gas  production  in  each  instance  in  a  series  of  such  trials. 
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It  sboald  also  be  noted  that  the  periods  of  dimmished  gas  pro- 
duction appeared  to  correspond  to  a  change  in  the  nature  of  the 
fermentation  tube  sediments,  a  change  characterized  by  the 
appearance  of  an  increased  prominenceofcoccaHonns  of  bacteria. 
The  basis  of  this  statement  is  as  follows:  The  fermentation  tube 
sediments  were  examined  by  me  without  any  knowledge  of  the 
portion  of  these  preparations  in  the  series  to  which  they  belonged. 
Despite  this  random  examination  of  the  fermentation  tube  sedi- 
ments, it  v.-as  possible  to  form  a  fairly  accurate  judgment  in  the 
case  of  each  subject  of  the  position  of  the  shde  in  the  series  with 
respect  to  the  period  of  low  gas  production.  This  judgment  was 
also  obtained  through  guidance  by  the  relative  overgrowth  of 
coccal  forms.  In  the  shdes  in  which  such  overgrowth  was  most 
marked  a  correspondence  with  a  period  of  low  gas  formation 
was  assumeil  and  this  assumption  Mas  in  general  justified. 

It  should  be  clearly  understood  that  the  increase  in  coccal 
forms  observed  in  the  fermentation  tube  sediments  was  not 
associated  with  any  demonstrable  increase  of  coccal  forms  in 
the  fecal  smears  made  direct  from  the  feces, 

I  am  unable  to  offer  any  satisfactory  explanation  of  the  depres- 
sion of  gas  production  in  fermentation  tubes,  following  the  use 
of  considerable  doses  of  sodium  benzoate.  It  seems  probable 
I  hat  the  phenomenon  can  be  reproduced  in  monkeys,  and  if  this 
is  the  case  an  explanation  of  this  peculiar  effect  of  the  sodium 
lii'iizoatc  might,  perhaps,  be  obtained  from  a  study  of  the  bacteria 
;inii  of  the  chemical  conditions  at  various  levels  of  the  digestive 
I  mil.  Perhaps  the  direct  action  of  sodium  benzoate  on  the 
iiilrslinal  bacteria  in  the  upper  part  of  the  digestive  tract  is 
iiiiswi-tnlilc  for  the  i>oor  gas  production. 

\h.  Uiikin  was  so  good  as  to  make  some  observations  for  me 
I'll  llir  iiilii'ii  of  soilium  benzoate  upon  the  activity  of  brewer's 
xtmal  ill  t>  lifcrwinl  mcilium.  The  medium  originally  contained 
■-  ^^  |-pr  1  ml  ■'fgliicuRc  (or  reducing  sugars  calculated  as  glucose). 
Ailpi'  tuiiiiriiialii'ii  I'lir  forty-eight  hours  at  body  temperature 
llii^  lUtMliuiii  .I'liiiiincii  1,4  per  cent  of  glucose.  A  portion  of 
ills--  i\h-aIiiiiii  i-'  "hull  0.15  per  cent  sodium  benzoate  had  been 
,i,t,ti.xl  i  I'lii.tuK.l  1  i^i  I'ov  cent  j-hicose.  thus  showing  a  constder- 
.il.Ui  inlvil'Uuiy  .1.  ii"H  "»  the  pari  of  ihe  benzoate.  The  medium 
1,1,^44111,^1  wiiiu'iii  lvriu>«»to  contained  5.50  per  cent  alcohol  at 
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the  end  of  the  experiment.  The  medium  fermented  in  the  pres- 
ence of  sodium  benzoate  contained  3.14  per  cent  alcohol.  The 
volatile  acids  (calculated  as  acetic)  were  0.0 1  per  cent  after  fer- 
mentation without  benzoate,  and  0.02  per  cent^  after  fermenta- 
tion in  the  presence  of  sodium  benzoate.  The  non -volatile  acids 
(calculated  as  succinic  acid)  amounted  to  0.05  per  cent  in  the 
medium  fermented  without  benzoate  present,  and  to  0.02  per 
cent  in  the  medium  fermented  in  the  presence  of  benzoate. 

These  figures  thus  indicate  that  sodium  benzoate  in  concentra- 
tion of  0.15  per  cent  inhibits  markedly  the  fermentative  activity 
of  the  yeast  plant  in  a  favorable  medium,  while  permitting  a  con- 
siderable formation  of  alcohol.  It  was  thought  that  perhaps  the 
diminution  in  gas  production  caused  by  the  presence  of  sodium 
benzoate  might  be  associated  with  some  increase  in  the  non- 
volatile acids,  especially  lactic  and  succinic  but  this  experiment 
gives  no  support  for  this  possibility. 

CONCLUSIONS. 

1.  Commercial  food  preparations  to  which  sodium  benzoate 
had  been  added  in  concentration  of  o.i  per  cent  were  found  in 
most  instances  to  contain  small  numbers  of  bacteria,  chiefly  of 
the  spore-bearing  kind. 

2.  Sodium  benzoate  in  dextrose  bouillon,  in  concentration  of 
0.1  per  cent  only  slightly  or  moderately  inhibits  B.  colt  and 
other  intestinal  bacteria.  Gas-production  may,  however,  be 
considerably  inhibited. 

3 .  When  mixed  fecal  bacteria  from  normal  adults  (on  a  mixed 
diet)  are  introduced  into  dextrose  bouillon  fermentation  tubes 
containing  o.i  per  cent  or  0.2  per  cent  sodium  benzoate,  the 
bacteria  are  unequally  inhibited.  In  general  the  organisms  of 
the  B.  coli  group  appeared  to  be  more  inhibited  than  the  coccal 
forms  of  bacteria. 

I  desire  to  acknowledge  valuable  aid  given  me  by  Mr.  A.  I. 
Kendall,  lately  Fellow  of  the  Rockefeller  Institute,  in  the  bac- 
teriological work  on  which  this  paper  is  founded. 

*  After  removal  of  benzoic  acid  by  chloroform  extraction. 
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The  incentive  to  make  the  observations  here  recorded  came 
from  certain  problems  suggested  by  the  rapidly  extending  use 
of  artificially  soured  milk  which  is  following  closely  upon  the 
publication  of  Metchnikofl's  highly  speculative  volume,  entitled 
'*  The  Prolongation  of  Life."  Really  decisive  experiments  bearing 
upon  the  value  of  what  may  be  termed  **sour  milk  prophylaxis" 
are  not  numerous  and  even  Scriptural  quotations  have  been  in- 
voked to  lend  color  to,  and  enhance  the  meager  supply  of  litera- 
ture. One  of  us^  has  studied  the  ejffect  of  introducing  large  num- 
bers of  B.  coliy  B.  proteus  vulgaris  and  B.  acidi  lactici  into  the  in- 
testinal tract  of  dogs  to  determine  their  action  upon  indol  pro- 
duction. Living  cultures  of  B.  colt  and  B.  proteus,  for  example, 
•caused  an  increase  of  indican  and  of  ethereal  sulphates  in  the 
urine.'  Killed  cultures  prepared  in  the  same  manner  gave  little 
or  no  increase  in  these  putrefactive  constituents. 

*  C.  A.  Herter:  On  Certain  Relations  Between  Bacterial  Activity  in 
the  Intestinal  Tract  and  the  Indican  of  the  Urine.  Brit.  Med.  Jour. ,  1 89 7 , 
ii,  p.  1847. 

'  Precautions  were  taken  to  prevent  the  introduction  of  putrefactive 
products  derived  from  the  media  upon  which  the  bacteria  were  grown. 
The  organisms  were  cultivated  upon  slanted  agar  (removed  by  careful 
-washing  with  salt  solution,  avoiding  the  inclusion  of  any  portion  of  the 
agar)  and  then  injected. 
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Lactic  acid  bacteria  injected  directly  into  the  small  intestine 
in  similarly  conducted  experiments  showed  a  tendency  to  cause 
a  reduction  in  the  output  of  indican  and  ethereal  sulphates. 

Following  similar  lines,  Metchnikoff  directed  the  performance 
of  experiments  which  lead  him  to  believe  that  lactic  acid-pro- 
ducing bacilli  once  successfully  established  in  the  intestinal  tract 
decrease  or  even  prevent  the  multiplication  of  putrefactive 
organisms.  This  inhibiting  effect  he  attributes  to  the  lactic 
acid  which  is  produced  by  microSrganisms  introduced  in  these 
experiments. 

Where  putrefactive  disturbances  are  already  present  the  lactic 
acid  bacilli  appear  to  reenforce  the  enfeebled  action  of  the  normal 
intestinal  lactic  acid  bacilli  and  increase  the  amount  of  acid  pro- 
duced where  it  Js  insufficient,  or  reintroduce  it  where  it  is  absent, 
thus  assisting  the  host  to  throw  off  the  "wild  races"  of  bacteria 
that  may  have  become  habituated  to  the  intestinal  tract.  This, 
at  least,  is  the  assumption. 

Not  all  lactic  acid -producing  bacteria  are  suitable  for  this 
purpose  and  the  choice  of  a  culture  should  be  based  upon  the  fol- 
lowing criteria:  First,  the  organisms  should  be  able  immediately 
or  in  time  to  become  habituated  to  the  intestinal  tract;  second, 
they  should  produce  no  toxins  or  putrefactive  substances  or 
other  injurious  products,  detrimental  to  the  host;  third,  they 
should  be  able  to  make  sufficient  lactic  acid  to  accomplish  the 
purpose  for  which  they  are  introduced. 

The  organism  which  Metchnikoff  selected  for  his  researches 
was  originally  obtained  from  the  Bulgarian  ferment  called  "  You- 
gourt"  and  the  bacillus  which  apparently  is  the  most  potent 
lactic  acid  producerin  this  ferment  has  been  named  B.  bulgaricus.' 
This  organism,  as  we  have  studied  it,  is  rather  long  (i  X  4-6  mic- 
rons), large,  with  rounded  ends,  growing  singlyor  in  pairs,  rarely 
in  chains.  It  stains  well  with  the  ordinary  anilin  dyes  particu- 
larly in  young  cultures,  and  is  Gram-positive.  In  old  milk  cul- 
tures some  of  the  rods  may  be  Gram-negative  while  others  pre- 
sent a  punctate  appearance,  due  apparently  to  the  concentration 
of  protoplasm  in  certain  portions  of  the  cell  which  are  Gram- 
positive,  and  suggest  Ernst-Babes  granules,  the  remaining  por- 

'  Cohendy:  Compl.  tend,  dc  la  soc.  dc  bio!.,  Ix,  1906. 
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tions  undergoing  rarefication  of  protoplasm  and  becoming  Gram- 
negative.  On  media  containing  no  carbohydrates  there  is  no 
growth.  On  dextrose  or  lactose  agar  the  growth  is  slight  and 
usually  appears  as  small,  stellate  colonies  rarely  exceeding  one 
to  one  and  one-half  millimeters  in  diameter.  In  stab  cultures 
on  the  same  media  a  slight  growth  appears  after  three  to  five 
days  but  always  remains  limited  to  the  line  of  inoculation.  In 
dextrose  and  lactose  bouillon  there  is  usually  a  feeble  growth 
after  several  days,  appearing  as  a  fine  sediment  visible  only  after 
agitating  the  tube.  In  milk  cultures,  on  the  contrary,  the  growth 
is  very  vigorous,  resulting  in  a  rather  finely  flocculent  coagulum 
with  a  minimal  separation  of  fluid.  In  this  medium  considerable 
amounts  of  lactic  acid  are  formed.  Bertrand  and  Weissweiller^ 
studied  the  chemical  action  of  B.  bulgaricus  on  milk  and  found 
that  a  slight  amount  (usually  less  than  10  per  cent),  of  the  casein 
is  peptonized  and  apparently  utilized  as  food  by  the  bacterial 
cells.  A  small  amount  of  the  fat  is  saponified  while  practically 
all  of  the  lactose  is  changed  to  dextro-and  laevo-lactic  acid,  the 
dextro  variety  predominating.  Twenty -five  grams  per  liter  of 
lactic  acid  are  easily  formed  and  at  the  same  time  small  amounts 
of  acetic,  formic  and  succinic  acids  are  produced,  usually  not 
more  than  half  a  gram  per  liter.  Inoculations  into  milk  are 
active,  even  after  fourteen  days,  although  at  the  end  of  three 
weeks  the  bacilli  are  usually  dead.  In  our  experience  the  amount 
of  lactic  acid  produced  by  B.  bulgaricus  is  sufficient  at  the  end  of 
forty-eight  hours  to  render  the  milk  unpleasant  to  the  taste,  par-- 
ticularly  if  previous  to  inoculation  the  culture  has  been  fre- 
quently transplanted,  so  that  the  organisms  are  in  an  active 
vegetative  state.  Soured  milk  prepared  according  to  Metchni-^ 
koif 's  directions  is  said  to  contain  about  ten  grams  of  lactic  acid 
per  liter.' 

Several  investigations  have  been  made  by  various  observers  to* 
determine  the  effects  of  the  Bulgarian  bacillus  upon  the  intestinal 
flora  and  various  putrefactive  products.  Cohendy,*  experiment- 
ing upon  himself,  found  that  pure  cultures  of  lactic  acid  bacill 
had  a  tendency  to  reduce  intestinal  putrefaction  and  that  the 

*  Ann.  de  Vinst.  Past.,  xx,  pp.  977-990,  1906. 
'  Metchnikoff :  The  Prolongation  of  Life,  p.  180. 
'  Loc.  cit. 
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OTfanisms  could  be  recovered  from  the  feces  without  difficulty 
several  weeks  after  the  experiment  was  stopped.  He  took  B. 
bmlgaricms  for  attout  two  and  one-half  months.  Pochon'  can- 
somed  cultures  of  lactic  acid  bacilU  in  milk  and  noted  the  dimi- 
nutioD  of  indol  and  phenol  in  his  feces.  Leva'  investigated  the 
effect  of  Lac tobaci nine,  milk,  and  milk  plus  LactobacJlline  upon 
the  excretion  of  ethereal  sulphates,  volatile  fatty  acids,  aromatic 
oxyadds^  phenol  and  indican.  The  experiment  was  divided 
into  four  periods:  (i)  a  uniform  daily  diet;  (z)  diet  +  Lac- 
tobacUIine:*  (3)  diet  +  Lactobacilline  +  one  liter  of  milk;  (4} 
diet  +  one  liter  of  nutk.     His  conclusions  are  as  follows: 

(1)  The  excretion  of  ethereal  sulphates  during  the  experiment 
was  practioaliy  unchanged. 

(a)  The  excretion  of  volatile  fatty  acids  with  Lactobacilline 
alone,  or  milk  alone,  as  well  as  n4th  Lactobacilline  and  milk  com- 
bined, showed  a  considerable  decrease. 

(3)  The  excretion  of  aromatic  oxyacids  and  hippuric  acid  was 
uninfluenced  by  milk,  decreased  distinctly  in  amount  with  Lacto- 
bacilline. decreased  greatly  with  Lactobacilline  +  milk. 

(4)  The  phenol  excretion  decreased  somewhat  under  the  in- 
fluence of  Lactobacilline  alone,  as  well  as  with  milk  alone;  there 
was  a  much  greater  decrease  with  a  combination  of  Lactobacilline 

+  milk. 

1,5)  The  indican  excretion  was  very  slight  at  the  beginning  of 
thi'  e.vperimcnt  (lou  liniall  an  amount  to  measure  accurately)  and 
remained  practically  unchanged  throughout  the  entire  period. 

Bclonowskx-*  studied  the  influence  of  these  organisms  upon  the 
intestinal  flora  of  mice.  His  method  was  to  contaminate  the  food 
(usually  grain  previously  sterilized  by  heat)  with  B.  bulgaricus, 
allowing  the  animals  to  eat  sufticient  quantities  to  make  certain 
that  the  organisms  were  actually  introduced  in  large  numbers. 
His  results  may  be  summarized  as  follows:  First,  the  Bulgarian 

'  riled  by  Comlic:   Z.'u  11/11111(1)^:1.-11(1011  inli'sliiuiU-,  Paris,   1906. 

'Leva,  J.:  Zur  Hfurteilung  der  Wirkung  dcs  Lactobacillins  und  der 
Yoghuithiiiilth.  Bcrl.  klin.  Wochenschr.,  xlv,  pp.  1)11^14.  190S. 

*  Thf  Lactobacilline  was  obtained  from  "Le  Ferment"  Company  of 
Paris.  Levii's  otiservalion  that  a  yeast  was  present  in  the  Lactobacilline 
uyrt'es  with  our  own  obser\-alion  on  this  point.      (See  Fig,   I.) 

'.tirti.  d<- I'lKil.  Piisl..  x.\i,  p,  991.  1907, 
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^Berment  modifies  the  normal  intestinal  flora  of  mice  by  a  general 

™  alteration  in  their  character  and  by  eliniination  of  putrefactive 

forms.     There  is  a  diminution  in  the  total  number  of  bacteria  as 

well  as  a  lessened  virulence  of  the  feces  when  these  are  introduced 

intraperitoneally  or  subcutaneously  into  other  animals.     Second, 

the  action  is  not  attributable  to  the  formation  of  lactic  acid  alone, 

but  also  to  certain  products  inhibitory  in  nature,  formed  by  the 

n    bacilli  themselves.     Third,  the  organisms  become  more  or  less 

■1  established  in  the  intestine  about  the  tenth  day  in  adult  mice 

Hi  and  persist  without  further  reinoculation  for  a  considerable  but 

"   variable  interval  of  time.     Fourth,  the  cultures  seem  to  have 

exerted  a  beneficial  action  upon  the  mice,  particularly  on  those 

infected  with  the  organisms  of  mouse  typhus;  in  this  case  the 

1- results  are  due  exclusively  to  the  lactic  acid. 

1  these  investigations  it  would  appear  that  many  of  the 
mals  fed  upon  grain  contaminated  with  the  Bulgarian  ferment 
'gained  in  weight,  that  the  feces  contained  fewer  organismscap- 
able  of  growing  upon  ordinary  culture  media,  that  putrefactive 
organisms  tended  to  disappear  and  that  this  beneficial  action  was 
due  in  part  to  the  lactic  acid,  in  part  to  the  products  of  metabo- 
lism of  the  bacteria  themselves.  The  fact  that  relatively  few 
of  the  Bulgarian  bacilli  are  microscopically  discernible  in  the 
feces  raises  the  question.  In  what  portion  of  the  intestinal  tract 
do  these  bacilli  find  their  most  favorable  environment?  If  they 
occur  in  the  upper  (duodenal  or  jejunal)  regions  of  the  small  in- 
testine and  only  a  few  gain  a  foothold  in  the  large  intestine  (usu- 
ally considered  the  chief  site  of  putrefaction)  the  organisms  must 
act  from  a  distance  and  their  products,  theoretically  at  least, 
must  be  less  effective  than  if  they  were  generated  at  the  focus  of 
infection.  No  experiments  so  far  have  been  recorded  which  an- 
swer this  question  and  the  present  investigation  has  approached 
the  problem  from  this  point  of  view.  For  our  work,  which  was 
undertaken  specifically  to  study  the  distribution  of  B.  bulgaricusin 
the  intestinal  tract,  the  preparation  called  Bacillac  was  employed. 
This  is  said  to  be  made  according  to  Metchnikoff's  personal  direc- 
tions, cultures  of  the  organism  described  above  (B.  bulgarkus) 
being  employed  for  this  purpose.  This  organism  is  stated  to 
ive  been  isolated  by  Metchnikoff,  The  Bacillac  is  obtainable 
t  pint  bottles  and  contains  a   moderately  large,  Gram-positive 
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(i)     Sattntcd  aqDeoiH  oolnuoa  of  copper  sul^JtsU. 

(3>  CoDcenlratvd  sulpfaanc  Mctd. 
Pr«*dore:  5  tc  Strong  sn^thoric  Acid.  t  drcp  copper  sulphate  ; 
few  drops  of  ihe  suspected  mixtorc  ire  well  shakes,  then  heated  for  : 
minutes  in  »  water-bcth  in  a  test  tobc  Cool  the  solution,  add  1  to  j  1 
ihiopfacDe  sohilioa.  tcpb^e  in  watei^bath  utd  again  heat,  watching 
staatly.  Lactk  acid  laptdlr  and  cfaaiactensucally  gives  a  bright  cb 
red  cijor  under  iheae  condilioas.  The  lactic  acid  m  nst  be  as  near! 
titna  water  and  organic  matter  as  possible  (malic  acid  and  probably 
oxy-adds  give  the  nactioa). 

The  lactic  acid  inav  beeniployed  as  an  alcoholic  solution  or  as  a  s' 
reddue.  .\cetaldehyde  a**d  glyoxylic  acid  give  color  reactions  wilh 
phene  and  sulphuric  acid,  hat  the  copper  sulphate  used  as  above  de< 
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either  culturally  or  morphologically.  In  no  instance  was  lactic 
acid  found. 

The  experiment  with  Bacillac  was  carried  out  as  follows.  The 
amount  of  soured  milk  given  was  the  same  as  in  the  control  ob- 
servations, namely,  five  hundred  cubic  centimeters  daily.  At  the 
end  of  the  second  day,  chemical  and  bacteriological  examina- 
tions were  commenced,  but  until  the  sixth  day  no  lactic  acid 
bacilli  were  isolated  nor  could  lactic  acid  be  detected  in  the  ani- 
mal's feces.  Two  days  later  the  first  positive  test  for  lactic  acid 
was  obtained,  using  the  thiophene  reaction  of  Fletcher  and  Hop- 
kins. The  feces  were  slightly  but  distinctly  acid  at  this  time — 
more  acid  than  upon  previous  occasions.  It  was  difficult  to  ob- 
tain a  satisfactory  test  for  lactic  acid  from  the  feces  owing  to  the 
presence  of  a  brownish-yellow  coloring  matter  soluble  in  ether. 
But  it  was  possible  by  removing  the  ether  through  evaporation, 
taking  up  the  oily  residue  in  water,  boiling  with  animal  charcoal, 
filtering,  washing,  and  again  evaporating  to  a  syrup  to  obtain  a 
slightly  yellow  solution  which  gave  a  good  reaction  with  the 
thiophene.  Controls  made  from  normal  feces  of  the  same  animal 
(free  from  lactic  acid),  which  were  treated  in  the  same  manner, 
but  to  which  were  added  known  minute  amounts  of  lactic  acid, 
gave  in  every  instance  the  same  color  reaction.  After  fourteen 
days  the  monkey  was  given  the  usual  meal  of  five  hundred  cubic 
centimeters  of  Bacillac.  Then,  after  allowing  three  and  one- 
half  hours  for  digestion  (the  whole  portion  of  milk  having  been 
consumed  at  this  time)  the  animal  was  killed  by  chloroform  and 
examined.  Samples  taken  from  the  stomach  and  from  various 
levels  of  the  small  and  large  intestines  were  removed  with  appro- 
priate precautions  for  microscopical,  bacteriological  and  chemical 
examination.  The  material  for  chemical  examination  was  placed 
in  ether  slightly  but  distinctly  acidified  with  sulphuric  acid.  The 
bacterial  material  was  inoculated  into  milk  and  fermentation 
tubes  containing  dextrose,  lactose  and  saccharose  bouillon.  The 
specimens  for  microscopical  study  were  smeared  on  slides  and 
stained  by  the  Gram  method  for  identification  of  forms  resem- 

them.  If  ether  is  employed  for  extracting  lactic  acid,  it  should  be  first 
washed  with  water  to  remove  aldehyde  bodies.  The  color  produced  by 
lactic  acid  is  transitory  unless  the  tube  be  cooled  immediately  after  its 
appearance. 
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bling  morphologically  the  add  bacillus  fed.  The  animal  was  in 
good  health  before  and  during  the  experiment.  At  autopsy 
about  one  hundred  cubic  centimeters  of  partially  digested  milk 
were  found  in  the  stomach.  The  small  intestine  contained  a 
moderate  amount  of  semi-fluid,  yellowish,  gelatinous  substance. 
At  the  ileo-caecal  valve  the  contents  were  more  abundant  and 
about  the  consistence  of  thick  paste.  The  color  was  a  deeper 
brown.  The  color  and  consistence  increased  progressively  to 
the  anus,  where  the  feces  were  solid  and  fairly  dark.  The 
mucous  membrane  throughout  the  gastro-intestiaat  tract  ap- 
peared normal,  although  the  reaction  of  the  contents  from  the 
stomach  to  the  anus  was  distinctly  acid  to  litmus. 

The  Bulgarian  bacilli  were  present  and  easily  demonstrated  by 
smears  and  by  cultures  in  relatively  large  numbers  in  the  stomach 
contents  but  associated  with  yeasts.  In  some  instances,  particu- 
larly where  the  milk  was  obviously  undergoing  digestion,  the  or- 
ganisms showed  undoubted  signs  of  degeneration.  The  staining 
was  very  irregular  and  faint  in  such  bacilli,  whereas  the  yeasts, 
so  far  as  could  be  determined  by  microscopical  examination, 
showed  no  such  changes.  In  the  duodenum  and  ileum  the  Bul- 
garian organisms  were  encountered  in  almost  pure  ctilture. 
although  inoculations  into  fermentation  tubes  showed  a  few 
gas-furminj;  bacilli  of  the  colon  type.  In  the  region  of  the  ileo- 
cjccal  valve  tlicre  was  a  rather  abrupt  change  in  the  nature 
of  the  bacterial  smears.  Not  only  was  the  amount  of  fecal  ma- 
terial greater  but  the  character  of  the  microorganisms  was  dif- 
ferent. B.  bulgaricus  ceased  to  be  the  dominant  organism, 
although  it  was  still  present  in  moderate  numbers.  Gas-forming 
bacteria  were,  on  the  other  hand,  increased  enormously.  Gram- 
positive  rods  and  cocci  were  also  present.  No  attempt  was  made 
to  identify  the  latter.  From  the  ileo-csecal  valve,  progressively 
down  the  large  intestine  towards  the  anus,  the  number  of  the  Bul- 
garian bacilli  decreased  while  the  number  of  other  bacteria 
increased,  until  at  the  rectum  there  were  very  few  Metchnikoff 
baeilH  but  enormous  numbers  of  bacteria  of  the  colon  type  and 
many  Gram-positive  rods. 

Lactic  acid  was  demonstrated  throughout  the  gastro-intestinal 
tract  as  well  as  in  the  feces.  Although  no  attempt  was  made  to 
determine  quantitatively  the  amount  of  acid  at  any  level  of  the 
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intestine,  the  results  indicated  that  much  less  lactic  acid  was 
present  in  the  large  intestine  than  in  the  stomach  and  small  intes- 
tine. This  diminution  (shown  by  the  decidedly  lessened  color 
developed  by  the  thiophene,  using  approximately  equal  amounts 
of  intestinal  contents)  began  rather  abruptl>  at  the  region  of  the 
ileo-caecal  valve,  and  progressively  increased  to  the  anus.  This 
phenomenon  was  particularly  marked  in  the  lower  portions  of 
the  large  intestine,  where  the  contents  were  more  desiccated. 
The  amount  of  material  obtained  from  this  region  was  greater 
than  was  the  case  in  higher  levels,  while  at  the  same  time  the 
volume  of  lactic  acid  was  decidedly  less,  although  the  ether 
extraction  was  prolonged.  This  coincides  with  the  relatively 
smaller  number  of  lactic  acid  bacilli  found. 

CONCLUSIONS. 

(i)  By  feeding  a  Rhesus  monkey  for  two  weeks  exclusively 
on  milk  fermented  with  B.  bulgaricus  (but  containing  also  some 
yeasts)  it  was  possible  to  maintain  an  acid  reaction  throughout 
the  digestive  tract.  The  acid  reaction  was  more  pronounced 
above  the  ileo-caecal  region  than  at  this  region  or  below  it.  The 
acidity  decreased  progressively  from  the  ileo-caecal  region  to  the 
anus.  Lactic  acid  was  detectable  at  every  point  in  the  digestive 
tract  that  was  tested,  the  reaction  growing  less  marked  below 
the  ileo-caecal  region. 

(2)  Exclusive  feeding  for  two  weeks  with  milk  fermented 
with  B.  bulgaricus  failed  to  establish  the  predominance  of  this 
organism  in  the  ileo-caecal  region  or  in  the  large  intestine.  In 
the  latter  situation  the  number  of  bacilli  of  this  type  was  rela- 
tively small  and  decreased  towards  the  anus.  Thus  in  the  regions 
characterized  by  most  active  putrefaction  the  lactic  acid  bacilli 
failed  to  establish  themselves  in  relatively  large  numbers. 
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Fig.  I.  Smear  (rom  stomach  contents  of  monkey,  three  and  one-half 
hoivs  after  feeding  BaciUac.  Practically  pure  culture  of  B.  bulgaricMt  and 
few  yeast  cells.  Bacteria  show  "punctate"  staining  due.  apparently,  to 
comtnned  effect  of  partial  digestion  and  excessive  acidity. 

P^.  II.  Contents  of  small  intestine  in  the  region  of  the  duodenum. 
The  Bu^arian  bacilli  predominate.  A  few  punctate  forms  are  seen.  The 
bacteria  are  multiplying  at  this  point.  The  normal  appearance  of  the 
bacteria  is  in  accordance  with  this  observatioiu 

Fig  III.  Contents  of  the  small  intestine  near  the  ileo-cascal  valve. 
Uniformly  staining  Bulgarian  bacteria  are  present,  but  not  in  predominat- 
ingnumbers  as  in  Fig.  11.     Gram-neg     ve  forms  begin  to  predominate. 

Fig.  IV.  Contents  of  the  large  int  ine  about  two  feet  from  the  ileo- 
Cffical  valve.  A  few  typical  Bulgaria.,  bacilli  still  persist.  One  of  these 
shows  the  punctate  staining  seen  in  the  stomach.  Yeast  cells  are  also 
present.     Gram-negative  bacilli  are  the  dominant  forms. 

F^.  V.  Feces  of  monkey,  Bulgarian  baciUi  have  practically  disap- 
peared. They  were,  however,  readily  demonstrated  by  the  milk-enrichment 
method  described  in  the  text. 

F^.  VI.  Fermentation  sediment  obtained  from  a  lactose  fermentation- 
tube  inoculated  with  intestinal  contents  obtained  from  the  level  of  the 
ileo-ciecal  valve  (c£.  Fig.  III).  No  Bulgarian  bacilli  are  present  in  this 
sediment,  although  they  wore  readily  demonstrated  in  the  smear  made 
at  this  level  as  well  as  culturally  in  milk.  (This  figure  is  introduced  to 
show  that  the  Bulgarian  bacilli  do  not  grow  in  fermentation  media.) 

The  slides  from  which  these  plates  are  reproduced  were  stained 
by  Grain's  method.  Magnification,  looo  diameters.  Zeiss  2 
mm.  homo.  imm.  apochromatic  lens. 

Our  thanks  are  due  to  Dr.  Learning  of  the  Rockefeller  Insti- 
tute for  Medical  Research  for  the  above  photographs. 
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■  During  the  progress  of  a  series  of  investigations  bearing  upon 

Ibe  bacterial  flora  of  the  intestinal  tract  of  infants  and  adults  in 

iealth  and  disease,  the  writers  have  obtained  valuable  inforraa- 

frora  the  routine  use  of  the  fermentation  tube,  by  using 

tethods  similar  to  those  of    Dr,    Theobald    Smith,'  who    has 

!peatedl>'  called  attention  to  the  fundamental  importance  of  this 

hiparatus  in  the  study  of  fermentative  bacteria.     His  researches 

ifcve  shown  conclusively  that  the  gas  volume,  gas  ratio  (propor- 

Jon  of  gas  soluble  in  caustic  alkali  to  the  insoluble  portion)  and 

pe  length  of  time  necessary  to  produce  the  maximum  amount  of 

s  are  characteristics  of  prime  importance  in  the  study  of  this 

Mp  of  organisms.     Furthermore,  by  the  simple  addition  of 

pts  of  fresh  sterile  animal  tissue^  he  has  succeeded  in  cultivating 

1  these  tubes  a  number  of  anaerobes  which  would  not  grow  under 

idinary  conditions.'     Finally,  by  introducing  the  use  of  milk  in 

'  Das  GahningskOlbchen  in  der  Baklerio logic,  Ci-ntralhl.  /.  8akt..    vii, 
,   503—506.   1890;  Ein.ige  Bemerkungen  fiber  Sfiure*  und  Alkalibildung 
i    Baklerien.   Ibid.,  viii.   p,    389.    iScjo:   The   Fermentation  Tube,  etc. 
VsUUt  Quarter-Ct-niury  Book.  pp.  187—134.  iSqj. 
^CrMrulbl,  j.  Bakt..  vii,  pp,  503-506,  iSgo, 

'  There  seems  to  be  considerable  question  about  the  priority  of  this 

jcedure.     According  to   Marino   (Method  pour  isoler    les    anaSrobies, 

Pnn.  de  t'insl.    Pasteur,   xxi.  p.  1005.  1907)  the  credit  belongs  to  Duen- 

n   (£tude  ex  peri  mental  e   sur  le  charbon   symptom  at  i  que  et   ses 

s  avec  I'oedfime  malin.  Ann,  de  i'insl.  PasUvr,  p,  483,  1895)  who 

s,  the  fact  that  Roux.  under  whose  direction  this  work  was  carried 

Hit,  had  previously  used  serum   (beeO   to  cultivate  certain   anafirobes, 

S  a  mailer  of  fact  Theobald  Smith  (Das  GahningskOlbchen  in  der  Bak- 

iologie,  CcntraM.  /.  Balrt.,  vii,  p.  503,   1890)  very  distinctly  mentions 

B  (act  that  sterile  animal  tissue  may  be  employed  to  advantage  in  the 

ivation  of  certain  obligate  anaerobes  and  he  actually  employed  fer- 

hentatton  tubes  enriched  in  this  manner  at  that  time. 


■03 


284  Fermentation  Tube  in  Intestinal  Bacteriology 

the  fermentation  tube,  he  has  added  much  to  the  value  of  this 
medium  for  bacterial  research.' 

Smith's  published  results  have  been  obtained  chiefly  with 
pure  cultures.  Herter  and  Ward'  have  studied  the  gas  volume 
with  fermentation  tubes  inoculated  with  mixed  intestinal  flora 
and  HerteH  has  studied  the  sediments  derived  from  the  inocu- 
lation of  such  tubes. 


(1)  Preparation  of  sample.  It  is  necessary  at  the  start  to 
have  fresh  specimens  of  stools  for  investigation — samples  thai 
have  stood  for  some  time  or  have  been  freely  exposed  to  the  air 
or  to  high  temperatures  are  liable  to  change  rapidly  in  their 
bacterial  composition.  Nonspore-forming  anaerobes  may  rapidly 
succumb  while,  coincidentty.  hardy  forms  multiply  until  they 
exist  in  abnormally  large  numbers,  thus  influencing  very  markedly 
the  bacterial  aspect  of  the  result. 

It  is  necessary  in  this  particular  line  of  investigation  for  several 
reasons  to  inoculate  appropriate  amounts  of  fecal  material;  the 
portion  added  must  not  be  too  great  or  the  acids  and  other  antag- 
onistic products  formed  by  the  more  rapidly  growing  faculta- 
tive organisms  will  seriously  inhibit  the  growth  of  the  more  strictly 
parasitic  types;  too  small  an  amount,  on  the  other  hand,  may 
fail  to  furnish  a  representative  growth  of  significant  microorgan- 
isms. The  less  numerous  but  perhaps  extremely  important 
forms  may,  without  these  precautions,  be  overlooked  and  missed 
entirely. 

For  routine  purposes  one  gram  of  feces  thoroughly  emulsified 
in  ten  cubic  centimeters  of  physiological  saline  solution  is  an 

'  Milk  inltmleil  fur  the  fermentatiun  tube  must  be  sturilized  at  least 
four  smcussivi;  times  iit  .ippropriate  intervals  to  insure  the  absence  of 
ri'sist:iiit  sjio re- forming  bacteria  which  ordinarily  escape  obser\-ation. 
.Aflor  steriliiatinn  and  before  inoculation  milk  fermentation  tubes  tnvisl 
bo  incubatod  several  days  at  body  ti;mperature  to  test  their  sterility. 
See  Smilll,  Bnmn  and  Walker:  The  Fermentation  Tube  in  the  Study  of 
Anaerobic  Bacteria  with  Special  Reference  to  Gas  Production  and  the 
Use  of  Milk  ;is  :i  Culture  Medium.  Jourii.  Med.  Research,  xiv,  pp.  11,3-106, 

'This_/otirH«/,  i.  p.  475,   1906, 

'  The  Common  Baclcriul  Injeclions  of  the  Digestive  Tract,  1907. 
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excellent  dilution.  Probably  all  types  present  that  are  capable  of 
development  in  fecal  media  are  thus  represented.^  If  mucus  is 
present  in  the  stool  it  should  be  washed  in  sterile  water  and  inoc- 
ulated separately.  One  cubic  centimeter  of  the  suspension  is 
placed  in  each  tube. 

Certain  forms,  as  for  example,  the  B.  bulgaricus  described  by 
Metchnikojff ,  and  many  alkali-producing  bacteria,  will  not  grow 
in  the  ordinary  fermentation  media  but  usually  develop  rapidly 
in  milk  fermentation  tubes. 

The  period  of  incubation  is  a  very  important  factor.  Experi- 
ence has  shown  that  during  the  first  eighteen  to  twenty  hours 
(rarely  longer  than  this)  the  majority  of  the  vegetative  cells  will 
be  at  their  maximimi  growth ;  after  this  time,  owing  partly  to 
antagonism,  partly  perhaps  to  the  fact  that  the  nutrient  material 
that  was  carried  over  with  the  suspension  is  exhausted,  many 
forms  die  out,  while  the  more  saprophytic  organisms  increase 
enormously. 

The  actual  gas  volume  is  rather  less  at  twenty  hours  than  at 
subsequent  periods  as  a  rule,  but  the  relative  value  of  this  feature 
is  at  the  maximum.  The  bacteria  derived  from  ordinary  stools, 
particularly  of  the  colon  type,  tend  to  attain  a  more  or  less  con- 
stant gas  volume  after  forty-eight  hours. 

In  plain  bouillon  without  the  addition  of  carbohydrates  (par- 
ticularly with  media  made  from  meat  juice  instead  of  meat 
extract  as  a  basis,  gas  is  sometimes  liberated  after  acidification 
of  the  culture  with  hydrochloric  acid,  although  no  gas  was 
present  during  the  incubation  period.  Also  the  addition  of  cystin 
to  the  medium  tends  to  increase  the  gas  volume.  This  gas 
is  hydrogen  sulphide,  and  its  total  amount  may  be  estimated  with 
a  considerable  degree  of  accuracy  through  the  absorption  effected 
by  the  addition  of  a  soluble  salt  of  a  heavy  metal. 

The  gas  ratio  is  not  an  especially  important  characteristic  in 
mixed  fecal  flora,  much  less  so  in  fact  than  is  the  case  with  pure 
cultures.     Frequently  the  volume  is  too  small  to  measure,  and 

*  The  emulsion  should  be  rapidly  prepared  and  inoculated.  Too  long 
an  exposure  in  the  relatively  aerobic  saline  solution  may,  and  frequently 
does,  eliminate  many  vegetative  and  nonspore-forming  anaerobic  forms, 
particularly  those  of  infant  flora,  while  the  more  vigorous  aerobic  bacteria 
increase  rapidly. 


r 


288  Fermentation  Tube  in  Intestinal  Bacteriology 

dition  but  fifteen  to  twenty  millinieters  represents  fairly  the  aver- 
age. The  amount  furthermore  depends  upon  the  relative  pro- 
portion of  B.  tnfidtts  present;  it  the  latter  organism  be  abtmdant, 
less  gas  is  formed,  because  this  species  produces  sufficient  acid 
to  inhibit  the  growth  of  the  ordinary  gas-formers, 

Diarrhceal  stools  vary  in  their  gas  production.  In  those  cases 
where  large  numbers  of  cocci  are  brought  down  from  higher  levels 
of  the  intestine,  relatively  small  gas  volumes  are  the  rule,  while 
in  similar  movements  associated  with  large  numbers  of  colon 
bacilli,  or  with  organisms  of  the  lactis  a^rogenes  type,  a  much 
greater  production  takes  place. 

Mention  has  already  been  made  of  the  fact  that  the  fermenta- 
tion tube  is  a  particularly  simple  and  efficient  apparatus  for  culti- 
vating anaerobic  intestinal  bacteria.  Of  these  organisms  a  few 
will  not  grow  in  pure  culture  under  the  same  conditions,  although 
they  usually  thrive  symbiotically  with  facultative  anaerobes. 

There  can  be  no  doubt  that  certain  substances,  particularly 
favorable  for  the  growth  of  these  more  or  less  strictly  parasitic 
forms  are  carried  into  the  fermentation  tube  as  a  part  of  the  fecal 
suspension,  and  during  the  first  eighteen  or  twenty  hours  furnish 
a  suitable  pabulum  fur  their  growth — material,  furthermore,  which 
is  not  present  in  the  fermentation  tube  as  it  is  ordinarily  made 
up.  It  is  extremely  probable  that  their  growth  is  further  aided 
by  the  presence  of  more  readily  growing  bacteria  which  frequently 
render  the  tubes  extremely  anaerobic  by  the  removal  of  the  last 
traces  of  dissolved  oxygen. 

In  the  fermentation  tube  every  transition  from  almost  com- 
plete anaerobiosis  to  aerobiosis  obtains  and  it  is  possible  for  bac- 
teria to  find  almost  any  tension  of  oxygen  from  more  or  less  com- 
plete saturation  in  the  bulb  to  practically  its  entire  absence  in 
the  closed  arm. 

With  such  favorable  conditions — proper  food  supply  and  gase- 
ous environment — the  growths  are  very  varied  and  in  a  meas- 
ure representative  of  the  organisms  originally  present  in  the 
feces.  This  fact  is  best  appreciated  after  one  examines  the  sedi- 
ments, particularly  those  stained  by  Gram's  method  followed  by 
the  counter  stain  mentioned  above. 

The  organisms  are  as  a  rule  much  more  characteristic  morpho- 
logically in  the  deposit  at  the  bottom  of  the  closed  arm  than  is  the 
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case  in  the  feces  from  which  they  were  derived,  because  the  major- 
ity are  in  what  may  be  termed  the  ** active"  vegetative  stage. 
Bacteria  in  this  condition  are  larger  and  more  nearly  typical  than 
under  conditions  where  they  have  become  attenuated  and  degen- 
erate in  their  morphology,  as  frequently  happens  in  the  case 
of  constipated  stools.  The  staining  reactions  also  are  much 
sharper  and  more  distinctive  at  this  period. 

Perhaps  the  most  striking  example  of  the  differentiation  one 
may  ordinarily  meet  with  in  a  sediment  from  a  fermentation  tube 
is  that  shown  by  a  common  bacterium  in  infants*  stools  called  by 
Tissier,  its  discoverer,  B.  bifidus  communis.  This  organism  is  an 
anaerobic  Gram-positive  bacillus,  frequently  occurring  with 
rather  pointed  ends  in  normal  infants*  stools;  not  readily  recog- 
nized and  not  especially  characteristic.  Furthermore  it  is  not  an 
easy  organism  to  cultivate  in  ordinary  media.  In  fermentation 
tubes,  however,  it  grows  rapidly  and  at  the  end  of  eighteen  hours 
shows  the  peculiarly  striking  bifid  ends  to  which  it  owes  its  name. 
This  fact,  judging  from  the  literature  published  upon  the  subject 
so  far,  has  hitherto  been  unrecognized,  but  it  appears  to  be  char- 
acteristic, of  great  constancy,  and  a  unique  example  of  the  value 
of  such  examinations.  This  organism  will  not  grow,  or  at  least 
only  slightly,  in  fermentation  media  in  pure  culture.  If,  how- 
ever, one  adds  a  bit  of  sterile  animal  tissue,  or  inoculates  directly 
from  a  stool,  together  with  other  bacteria,  the  growth  is  marked. 

It  is  advisable,  and  frequently  necessary,  to  use  fermentation 
tubes  containing  plain  bouillon  instead  of  the  regular  fermenta- 
tion media.  Certain  bacteria  will  not  grow  well  where  ferment- 
able sugars  are  present,  while  others  are  rapidly  eliminated  as  the 
medium  becomes  acid.  B,  putrificus  is  a  good  example  of  such  an 
organism.  Sediments  derived  from  plain  bouillon  in  fermenta- 
tion tubes,  particularly  those  which  are  rendered  more  suitable 
by  the  addition  of  sterile  animal  tissue,  frequently  show  anae- 
robic growths  that  would  not  be  included  in  carbohydrate  solu- 
tions. 

One  point  in  connection  with  the  fermentation  tubes  deserves 
special  mention — gas  volumes  are  frequently  variable  with  the 
same  individual  and  it  is  necessary  to  cover  considerable  periods 
of  time  before  assigning  a  special  value  to  this  factor  in  indi- 
vidual cases  or  attaching  much  importance  to  deviations  from 
the  average. 
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Among  the  organisms  ordinarily  met  with  in  the  feces,  a  few 
of  the  more  important  may  be  mentioned: 

(i)  Bad.  Welchii,  a  thick,  rather  large,  strongly  Gram-posi- 
tive bacillus.  In  lat^e  numbers  they  give  rise  to  a  considerable 
augmentation  of  the  normal  gas  volume,  so  that  the  amount  is 
frequently  twice  the  normal. 

An  organism  described  by  Herter'  resembles  the  gas  bacillus 
morphologically  but  does  not  form  gas. 

(i)  B.  colt.  Short  bacilli,  about  one  micron  in  diameter, 
Gram-negative.  These  organisms  usually  determine  the  gas  vol- 
ume and  it  is  chiefly  to  t'"' "'oi:  that  the  normal  gas  voiiune 

is  due. 

(3)  B.  lactis  aerogenes,  some  it  more  oval  than  the  colon 
bacillus  and  like  that  organism,  Uram-negative.  This  form  is 
not  particularly  common  in  the  stools  of  adults'  but  is  present 
usually  in  the  excreta  of  bottle-fed  infants  and  tends  to  increase 
the  gas  volume,  if  numerous. 

(4)  Coccal  forms,  usually  Gram-positive.  These  bacteria  pro- 
duce as  a  rule  considerable  amounts  of  acid  but  no  gas.  and 
inhibit  to  a  considerable  degree  the  fermentative  action  of  the 
above  mentioned  forms. 

{5)  A  Gram-positive  bacillus  with  bifid  ends  (B.  bifidus).  It 
is  very  common  in  the  stools  of  breast-fed  infants.  When  this 
organism  is  present  in  numbers,  the  amount  of  gas  is  usuallycon- 
siderably  reduced.  Its  inhibitory  action  is  due.  as  is  the  case 
with  the  coccal  forms,  to  its  excessive  acid  production. 

In  several  instances,  B.  bifidus  has  been  isolated  from  mucus, 
while  the  remainder  of  the  stool  was  almost  devoid  of  these  forms. 

The  full  significance  of  the  fermentation -tube  sediments  cannot 
be  regarded  as  completely  worked  out.  It  is  a  striking  peculiar- 
ity of  the  growths  in  the  sediments  that  they  frequently  do  not 
show  a  multiplication  of  microorganisms  closely  representative 
of  the  varieties  which  are  seen  in  the  Gram-stained  fields  of  the 
feces.  This  failure  in  correspondence  between  the  characters  of 
the  dominant  organisms  in  the  fermentation  tubes  on  the  one 

'  MacConkoy  (Lactose- fermenting  Bacteria  in  Feces,  Journ.  of  Hygiene, 
igoj,  pp.  33.!-,?7i>)  fiiiind  it  in  4  out  of  625  lactose- fermenting  cultures 
from  normal  .stool.s,  both  animal  and  human. 
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hand  and  the  feces  themselves  on  the  other,  depends  largely 
upon  the  fact  that  the  nutrient  conditions  are  ordinarily  radically 
altered  by  the  transfer  to  the  fermentation  media.  This  altera- 
tion in  medium  makes  it  possible  for  types  of  bacteria  not  obvi- 
ously dominant  in  the  feces,  or,  indeed,  clearly  in  the  minority, 
to  gain  a  relatively  prominent  position  under  these  conditions. 

The  fact  that  such  a  readjustment  of  types  is  liable  to  occur 
has  important  advantages  and  equally  significant  drawbacks. 
Without  recognizing  the  disproportionate  growth  one  might 
erroneously  assume  that  a  much  larger  portion  of  a  certain  flora 
is  present  than  is  the  case;  for  example  fecal  fields  may  contain 
small  nimibers  of  B.  bifidus,  yet  in  the  fermentation  tubes  they 
may  be  prominent.  Again,  the  gas  bacilli  may  undergo  exten- 
sive multiplication  in  the  fermentation  tube  despite  the  fact  that 
the  fecal  material  from  which  they  were  obtained  contains  them 
in  moderate  numbers  only.  Here  again  one  sees  the  necessity  for 
controlling  the  appearances  obtained  from  the  sediments  of  the 
fermentation  tubes  by  means  of  cultures  from  the  stools  as  well 
as  by  close  examination  of  the  Gram-stained  fecal  fields.  Similar 
overgrowths  occur  with  the  coccal  forms,  Mic.  ovalis  (entero- 
coque) ,  streptococci  and  staphylococci. 

The  disproportionate  growth  has  its  advantages  as  well  as  its 
disadvantages.  Certain  types  which  are  significant  although  orig- 
inally occurring  in  small  numbers  are  thus  brought  to  notice  when 
otherwise  they  would  be  overlooked. 

Experience  has  shown  that  overgrowths  occurring  during  the 
first  eighteen  to  twenty  hours  of  incubation  are  due  to  the  pres- 
ence of  significant  nimibers  in  the  stools,  capable  of  asserting 
themselves  in  the  higher  levels  of  the  digestive  tract,  and  capable 
of  enormous  proliferation  under  suitable  nutrient  conditions. 
An  excellent  example  is  again  furnished  by  Bad.  Welchii.  In 
patients  who  have  an  infection  of  the  intestinal  tract  with  this 
organism  there  may  be  times  of  improvement  when  the  numbers 
of  this  particular  type  in  the  feces  is  small,  as  shown  by  the  micro- 
scopic examination  of  the  fecal  fields — so  small,  in  fact,  that  if 
the  observation  were  confined  to  the  patient  at  this  time,  no 
suspicion  would  be  excited  of  the  existing  tendency  of  over- 
growth of  these  organisms  in  the  intestine.  Yet  upon  inocula- 
tion of  the  feces  into  fermentation  tubes  a  prominent,  active 
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growth  of  these  organisms  is  very  liable  to  occur  under  these  con- 
ditions. 

In  contrast  with  this  is  the  following  observation.  The  fecal 
fields  from  normal  nurslings  and  bottle-fed  children  commonjy 
show  a  few  organisms  having  the  morphology  of  the  gas  bacillus. 
That  these  bacteria  belong  in  the  class  of  the  gas  bacilli 
made  probable  through  the  fact  that  by  inoculating  relatively 
large  amounts  of  the  feces  into  rabbits'  ear-veins,  with  subse- 
quent incubation  (Welch-Nuttall  test)  the  typical  gas-liver  will  b< 
developed.  Inoculations  into  fermentation  tubes  made  fron^ 
feces  of  this  type  of  case  have,  in  our  experience,  failed  uniformlj 
to  show  overgrowths  of  this  bacillus. 

It  should  be  clearly  understood  that  the  presence  of  moderal 
or  even  considerable  numbers  of  Bad.  Welchii  does  not  necessaiilj 
lead  to  overgrowth  in  the  fermentation  tube. 
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Bacteriological  studies  of  the  feces  in  certain  cases  of  arrested 
development  in  infancy*  have  shown  this  disorder  to  be  associated 
with  the  presence  of  large  numbers  of  the  microorganisms  to 
which  we  have  given  the  name  B.  infantilis.  Although  the 
relation  of  this  microdrganism  to  the  derangement  of  intestinal 
function  is  not  yet  clear  it  is  evident  that  it  is  so  prominent 
among  the  intestinal  bacteria  in  this  disease,  even  in  its  early 
stage,  as  to  deserve  careful  study  from  every  standpoint.  The 
morphological  and  cultural  characters  of  B,  infantilis  have  been 
studied  by  one  of  us  (Kendall)  and  we  now  desire  to  record 
here  some  observations  which  have  been  made  on  the  bio-chem- 
ical properties  of  the  bacillus. 

The  most  noteworthy  fact  relating  to  the  biological  chemistry 
of  B.  infantilis  is  its  ability  to  form  volatile  alkali.  When 
grown  for  two  weeks  in  plain  broth  at  the  body  temperature 
this  organism  was  found  to  have  given  rise  to  considerable 
quantities  of  volatile  bases,  consisting  chiefly  of  ammonia.  The 
quantity  of  volatile  base  formed  in  three  different  experiments 
carried  on  under  approximately  the  same  conditions  was  equiva- 
lent to  3.8  per  cent,  4.2  per  cent  and  4.1  per  cent  normal  sodium 
hydroxide,  using  alizarin  as  an  indicator.  It  is  interesting  to 
observe  that  the  formation  of  volatile  alkali  by  B.  infantilis 
was  from  three  to  four  times  greater  than  the  amount  made  in 
plain  broth  by  B,  coli  growing  under  essentially  the  same  con- 
ditions for  the  same  length  of  time.     While  the  greater  part 

*See  Infantilism  from  Chronic  Intestinal  Infection,  by  C.  A.  Herter, 
The  Macmillan  Company,  1908. 
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of  the  volatile  bases  formed  by  B,  infantilis  is  oeutralized  by 

acids  simultaneously  formed  (lactic  and  succinic,  together  with 
volatile  acids,  probabl>  for  the  most  part  propionic  and  butyric) 
the  bases  after  a  few  days  predominate  sufficiently  to  impart  a 
decided  alkaline  reaction  to  the  broth  culture. 

We  are  certainly  justified  in  classing  B.  infantilis  as  one  of 
the  very  active  producers  of  ammonia.  The  differences  just 
mentioned  respecting  the  ability  of  B.  coli  and  B.  infantilis  to 
make  volatile  bases  are  not  attributable  to  differences  in  the 
growth  of  the  bacteria  in  the  two  sets  of  culture.  For  while  it 
is  not  possible  to  gauge "  '''"  :j  the  inequalities  in  rapidity 

of  growth,  a  compari  irbidities,  as  well  as  of  the 

microscopical  a ppearai  i  that  we  were  dealing  with 

fairly  comparable  rates  ction,  as  shown  by  the  con- 

ditions at  the  end  ol  n  period  of  two  weeks. 

The  volatile  alkali  on  n  broth  cultures  of  B.  infan- 

tilis does  not  consist  e  mmonia.     The  use  of  Hoff- 


mann's carbylamine  -led   clearly   that  a   primary 

amine  is  formed  early  u  tse  of  the  decomposition.     The 

development  of  an  unmi  .rbylamine  reaction  has  been 

a  feature   of  all   our  alii  illates  obtained   from  broth 

cultures  of  B.   infantilis.  disposed   to  attribute  this 

reaction  to  the  presence  of  an  alkylamine  but  it  cannot  be 
denied  that  the  presence  of  diamines  such  as  putrescine  and 
cadaverine  is  not  impossible  in  our  distillates.  Methylamine 
and  ethylamine  probably  do  not  occur  separately  among  decom- 
position mixtures  and  it  is  not  unlikely  that  both  are  present 
in  our  distillates,  the  former  perhaps  preponderating.  We  have 
made  no  observations  with  a  view  to  determining  the  amount  of 
primary  amines  formed  by  B.  infantilis. 

In  order  to  determine  whether  B.  infantilis  causes  the  putre- 
factive decomposition  of  proleids  it  was  grown  in  broth  fir  a 
period  of  three  weeks  or  longer.  The  cultivation  was  carried 
on  in  flasks  containing  one  liter  of  the  culture  medium  and 
under  such  conditions  as  were  likely  to  secure  both  aerobic  and 
anaerobic  development.  No  attempt  was  made,  however,  to 
secure  such  strict  anaerobic  conditions  as  are  obtainable  under 
hydrogen  or  under  carbon  dioxide.  As  there  is  a  strong  tendency 
for  the  organisms  to  collect  on  the  surface  of  the  culture  medium 
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there  may  be  some  difficult}^  in  securing  good  growth  in  the 
lowest  part  of  the  flask  where  the  conditions  are  relatively  anae- 
robic, but  this  difficulty  was  in  a  degree  overcome  by  frequently 
shaking  the  receptacles.  Under  these  experimental  conditions 
we  were  unable  to  detect  the  presence,  of  indol,  skatol,  phenol, 
aromatic  oxyacids,  hydrogen  sulphide  or  mercaptans.  From 
acidified  concentrated  broth  cultures  and  from  milk  cultures  it 
was  possible  to  obtain  ethereal  extracts  containing  material 
which  gave  the  color  reactions  for  indolacetic  acid,  but  this 
derivative  of  tryptophan  was  not  thus  obtainable  in  amotmts 
sufficient  for  identification.  Asstmiing  that  we  are  justified 
from  the  color  reactions  in  considering  that  indolacetic  acid 
was  formed,  it  is  certain  that  it  was  present  in  only  very  slight 
concentration. 

The  addition  of  tryptophan  to  the  broth  mediimi  did  not 
yield  indol  or  skatol  from  the  action  of  B,  infantilis  nor  did  this 
addition  lead  to  the  formation  of  an  increased  amount  of  indol- 
acetic acid.  Similarly,  the  addition  of  tyrosin  to  the  broth  did 
not  lead  to  the  development  of  phenolic  derivatives  of  tyrosin. 
Finally,  the  addition  of  cystin  to  the  broth  was  not  followed  by 
the  liberation  of  hydrogen  sulphide  or  methyl  mercaptan.  From 
these  experiments  we  have  reached  the  conclusion  that  our 
organism  does  not  possess  putrefactive  activities,  at  least  under 
ordinary  conditions  of  growth.  But  it  is  proper  to  say  that 
different  results  may  conceivably  be  obtained  under  strict 
anaerobic  conditions.  It  is  also  possible  that  tmder  states  of 
symbiotic  action  with  other  bacteria  B.  infantilis  may  develop 
powers  different  from  those  which  we  have  described.  It  is 
apparently  a  characteristic  of  infantilism  from  intestinal  infec- 
tion that  the  urine  gives  very  strong  reactions  for  aromatic 
oxyacids  and  we  do  not  consider  it  impossible  that  our  micro- 
organism has  a  part  in  their  formation,  although  the  indications 
are  at  present  opposed  to  this  view. 

When  boiled  with  caustic  potash  or  caustic  soda  the  broth 
cultures  of  B.  infantilis  3rield  a  strong  reddish-brown  color  which 
corresponds  to  the  characters  of  the  Voges-Proskauer  reaction. 
This  reaction  is  only  obtainable  from  cultures  grown  on  media 
containing  peptones  or  albumoses. 

On  media  containing  dextrose  B.  infantilis  forms  lactic  acid, 
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succinic  acid  and  volatile  fatty  adds.  We  h&ve  not  detected 
the  presence  of  alcohols,  ketones  or  aldehydes. 

It  is  a  question  of  some  interest  whether  so  strong  an  alkali 
producer  as  B.  infantilis  may,  by  \'irtue  of  its  productioo  (rf 
ammonia,  give  rise  to  significant  irritant  action  on  the  intestinal 
mucous  membrane  in  those  cases  where  the  organism  is  in  process 
of  becomiuK  parasitic  and  is  present  in  very  large  numbers. 

Finally  it  should  be  observed  that  the  ether  extract  of  old 
cultures  of  B.  infantilis  in  broth,  yields  an  abundance  of  an 
apparently  fatty  substance  which  we  deem  worthy  of  further 
study. 
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The  first  systematic  investigation  of  the  fecal  flora  was  that 
made  by  Escherich*.  This  observer,  using  modem  aSrobic  and 
ana^obic  cultural  methods,  isolated  from  the  dejecta  of  normal 
nurslings  and  bottle-fed  babies  some  of  the  best  known  of  the 
intestinal  bacteria.  Subsequent  workers  have  enriched  the  liter- 
ature of  intestinal  bacteriology  with  scores  of  more  or  less 
imperfectly  described  and  incompletely  identified  organisms, 
without,  however,  studying  the  newly-isolated  bacteria  either 
with  respect  to  their  numerical  relations  to  other  fecal  bacteria 
or  from  the  standpoint  of  their  chemical  activities  within  the 
intestine. 

The  discovery  of  the  etiological  relationships  of  the  typhoid, 
dysentery  and  cholera  organisms  to  these  diseases  also  diverted 
attention  from  the  normal  intestinal  bacteria,  and  at  once 
directed  the  efforts  of  investigators  toward  the  isolation  of 
bacterial  "species"  which  might  be  the  causative  agents  of  a 
variety  of  intestinal  ailments. 

In  a  previous  communication'  attention  was  directed  to  the 
chemical  inactivity,  or,  more  correctly,  the  inability  of  many 
exogenous  pathogenic  bacteria  to  produce  deep-seated  changes  in 
artificial  media.     It  would  appear,  inasmuch  as  the  more  promi- 

^Die  Dartnbakterien  des  SduglingSt  Stuttgart,     1886. 
'  Kendall,  A.  I.:  This  Journal^  vi,  p.  499,  1909. 
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nent  normal  bacteria  are  able  to  initiate  marked  changes  in  their 
environment,  that  there  is  a  fundamental  difference  between 
these  two  types  of  bacteria.  It  is  thus  not  difficult  to  see,  that 
the  lack  of  appreciation  of  this  important  difference  is  an  element 
in  causing  the  present  unsatisfactory  state  of  our  knowledge  of 
the  intestinal  bacteria. 

The  present  studies  are  based  upon  an  entirely  different  intent 
from  that  of  previous  investigators.  Instead  of  isolating  a 
eeries  of  cultures  from  the  dejecta  of  man  and  animals,  and  study- 
ing them  in  the  greatest  detail,  an  attempt  has  been  made  to 
demonstrate  definite  relations  between  the  nature  of  the  diet  on 
the  one  band,  and  the  leading  characteristics  of  the  resulting 
bacteria  on  the  other,  including  some  products  of  their  vital 
activity. 

There  are  many  clinical  indications  in  man  that  sharp  alter- 
nations in  the  chemical  nature  of  the  diet  are  attended  by  rapid 
changes  in  the  physiological  state  of  the  digestive  tract.  For 
example  it  is  well  known  to  physicians  that  the  free  use  of  carbo- 
hydrates (e.  g..  lactose)  in  bottle-fed  infants  is  commonly  fol- 
lowed by  a  softening  in  the  consistence  of  the  feces  and  perhaps 
by  the  signs  of  excessive  fermentation.  The  return  to  a  milk 
diet  restricted  in  carbohydrates  is  followed  by  a  prompt  reces- 
sion of  these  signs  of  increased  fermentation.  Similarly  it  is  a 
familiar  observation  that  certain  undesirable  symptoms  (lassi- 
tude, drowsiness,  headache)  attendant  on  the  use  of  an  excessive 
share  of  protein  in  the  diet  are  relieved  by  a  restriction  of  pro- 
teins and  a  freer  use  of  carbohydrates.  Although  it  has  some- 
times been  assumed  that  alterations  in  the  bacterial  flora  attend 
such  changes  in  diet,  we  know  of  no  studies  designed  to  deter- 
mine the  precise  effects  on  the  nature  of  the  flora  that  may  arise 
from  definite  and  abrupt  variations  in  the  chemical  composition 
of  food.  In  our  experiments  we  have  asked  ourselves  if  it  is 
possible  to  estabhsh  quite  definite  unchallengeable  concomitant 
variations  in  food  and  bacteria,  since  the  estabUshment  of  such 
variations,  under  physiological  conditions,  must  be  an  essential 
condition  for  the  discovery  of  exact  indications  for  diet  under 
states  of  infection  in  the  intestine.  In  order  to  secure  conditions 
as  favorable  as  possible  to  clarity  and  definition  of  results  we  have 
planned  our  experiments  so  as  to   obtain   somewhat   extreme 
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physiological  dietaries.  Thus  we  have  alternated  a  diet  con- 
sisting mainly  of  protein  with  a  diet  in  which  carbohydrates  have 
been  more  than  ordinarily  prominent  and  vice  versa.  We  have 
furthermore  made  the  alternations  abrupt  in  order  to  leave  the 
least  possible  chance  for  gradual  adaptation  to  a  given  class  of 
dietary. 

These  experiments  were  carried  out  upon  two  widely  different 
types  of  mammals — ^monkeys  and  cats.  The  difference  in  the 
types  of  experimental  animals  selected  served  to  test  the  question 
whether  the  same  alternations  in  diet  would  yield  the  same 
results  in  bacterial  change  in  onmivora  and  camivora.  The 
advantage  of  using  monkeys  as  experimental  animals,  similar  to 
man  in  their  digestive  processes,  is  obvious. 

The  diets  selected  consisted  of  meat  for  the  cats  and  eggs  for 
the  monkeys  as  representative  of  protein  foods.  Milk  to  which 
was  added  dextrose  was  selected  as  the  carbohydrate  diet,  experi- 
ence having  shown  that  this  milk  and  sugar  combination  exhibits, 
from  a  bacterial  point  of  view,  the  properties  of  carbohydrate 
food. 

At  first  sight  it  would  appear  that  eggs  are  an  unusual  diet  for 
monkeys  and  that  the  results  might  be  different  from  those 
which  would  obtain  in  normal  primates,  but  it  should  be  remem- 
bered that  bird's  eggs  are  by  no  means  an  uncommon  delicacy 
in  the  diet  of  normal  monkeys.  Milk  forms  an  essential  part  of 
the  pabulum  of  these  animals  in  their  early  life.  Both  meat  and 
milk  are  common  articles  of  food  in  the  dietary  of  cats  and  need 
no  further  conmient.  As  will  be  shown  later,  the  striking  fact 
brought  out  by  these  experiments  is  that  the  same  bacterial 
changes  occur  with  the  same  types  of  diet  in  the  different  types 
of  animals  irrespective  of  the  apparent  novelty  of  the  food.  And 
because  of  this  observed  regularity  of  relation  between  the  nature 
of  the  diet  and  the  character  of  the  intestinal  flora  the  results  are 
all  the  more  noteworthy. 

The  methods  used  in  this  investigation,  described  in  a  previous 
communication*  differ  from  those  previously  described,  not  in 
their  nature,  but  in  the  manner  of  utilizing  them.  Cultural 
media  of  appropriate  composition  have  been  used   as  specific 

*  Kendall,  A.  I.:  loc.  cit. 
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I  be  atartod  (bat  tbe  fiecal  flora  are  less  responsive,  or, 
the  earlier  ch»iges  in  diet, 
s  m  diet  tbe  vai-iations  are 
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..;--■_•..-:.  i^;;e7-is  tTO'^'i  out  the  more  or  less  ubiquitcnis 
crri^iisrr.s  anl  the  Sera  eventually  respond  ■with  precision  and 
■:T:=.'::~-ii  to  the  chacged  dieiar>"  conditions. 

Tie  g-eneril  r'-ar:  l':!lo^'©:'.  ^^as  to  place  the  animals  upon  a 
'riteir.  i:e:  i'r  cr.e  or  f^o  vreeks.  then  to  shift  abruptly  to  the 
cz.r'z-.b.yLT^'.e  regimen  for  the  same  length  of  time,  reversing  the 
tie:-  a:  reg--Iar  ir.'.er^'als  as  indicated  above.  These  intervals 
^ere  fi-ani  t:-  be  s-j-r.ciently  separated  to  permit  of  the  full 
■ievel.Trr.er.:  of  the  resrectiveOora.  At  the  same  time  they  ^"ere 
i:-jLT. '.  to  be  sf.niciently  far  apart  to  prevent  confusion  of  the  two 
t)-Tej  tf  bacterial  response  to  the  dietary  changes,  such  as  is 
liable  to  c-ccur  ■n-hen  the  alternations  of  diet  are  made  too  fre- 
quently. In  the  latter  event  the  bacterial  response  reflects  in 
part  the  protein  regimen,  in  part  the  carbohydrate,  and  the 
results  cease  to  be  clear  cut. 
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PHYSIOLOGICAL   EFFECTS    OF    DIET. 

As  the  proteolytic  bacteria  become  dominant  in  the  alimentary- 
canal,  the  monkey  becomes  sleepy  and  rests  on  its  perch  with 
its  head  bowed  in  its  hands;  it  is  stupid  and  responds  slowly  to 
external  stimuli,  takes  its  food  very  deliberately,  and  manifests 
little  interest  in  its  surroundings.  Not  infrequently  the  animal 
even  after  a  hearty  meal  will  spend  much  time  trying  to  bite  the 
woodwork  of  its  cage. 

The  urine  is  voided  in  small  amounts  daily  and  is  relatively 
highly  colored.  The  amount  may,  roughly,  be  considered  to 
be  one-half  that  which  is  obtained  from  a  carbohydrate  diet 
such  as  employed.  In  the  urine  as  the  proteolytic  bacteria  be- 
come fully  established  there  is  an  abundance  of  indican  as  well 
as  aromatic  oxyacids.  The  urorosein  reaction  due  to  indola- 
cetic  acid  is  rarely  observed  and  at  best  very  faintly.  The 
lower  specific  gravity  of  the  urine  during  the  milk  periods  has  to 
be  taken  into  account  in  estimating  the  intensity  of  the  re- 
actions for  indican  and  aromatic  oxyacids.  No  observed 
differences  in  the  concentration  of  the  urines  of  the  different 
periods  can  account  for  the  variations  in  these  reactions  which 
were  actually  observed. 

The  fecal  mass  is  small,  rather  desiccated  and  distinctly  yellow 
in  color  or  yellowish-brown.  The  odor  is  strongly  suggestive 
of  indol  or  skatol. 

As  the  diet  is  changed  to  carbohydrate  (best  done  by  feeding 
the  animal  milk  containing  a  moderate  amount  of  dextrose), 
both  the  psychical  and  the  physical  attitude  of  the  animal 
undergo  a  great  change.  The  monkey  no  longer  holds  its  head 
in  its  hands,  the  posture  is  erect,  the  animal  is  alert  and  bright, 
notices  everything,  reacts  promptly  to  all  kinds  of  stimuli  and 
eats  abundantly.  The  eyes  lose  their  dull,  lustreless  appearance 
and  become  bright.  The  animal  no  longer  attempts  to  chew 
the  woodwork  of  its  cage. 

The  urine  becomes  more  voluminous,  approximately  twice  its 
previous  volume  and  pale  in  color.  The  indican  and  aromatic 
oxyacids  grow  much  less  or  disappear.  Any  traces  of  indolacetic 
acid  also  disappear. 

The  feces,  at  first  diarrhceal  become  formed,  gray  in  color,  and 
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tsc^eoEivc  in  odor,  contrasting  markedly  in  this  respect  nith 
the  feces  derived  bom  a  protdn  diet. 

aACTBSIOLOCICAL  CONDITIONS. 

MarfkalttC-  As  the  "protein  flora"  becomes  established  the 
finm  iliiiHil  fidds  show  constder&ble  numbers  of  large,  Gram- 
^caatxTc  baciffi  with  roonded  ends,  which  rarely  or  never  occur  in 
chains  bat  ncA  infrequently  occur  in  pairs.  Smaller  Gram- 
positive  oi^amans  also  with  rounded  ends,  bnt  shoi^'iiig  a  dis- 
tinct tendency  to  bf~~™"  "-~""  shaped  particularly  as  sponi- 
latioa  approac)        u^  Fhe  tatter,  and  to  some  extent 

the  fonner,  mav  ui  itions,  particularly  when  there 

is  a  change  (         t  n^ative  and  show  undoubted 

signs  of  degcmn  oration  is  usually  accompanied 

by  vamolatton.  am-positive  organisms.  Gram- 

negative  organisms  rpbologicaUy,  to  B.  coli.  are 

abundant.     0  n  time  to   time   make   theii 

appearance;  tb(=K  w^anisms.  however,  are  incon- 

stant, and  apparei  ;arded  as  of  secondary  impor- 

tance. 

CtUturat  Ftahtrms.  fecal  fiora.  when  inoculated 

intp  '^extr.-se.  lactose  ana  saccnarose  fermentation  media,  produce 
typically  considerable  volumes  of  gas,  not  infrequently  amount- 
ing to  9c  cT  even  loo  per  cent  of  the  length  of  the  closed  arm  of 
the  fermentation  tube.  The  fermentation  medium  becomes 
ver>-  turbid,  and  an  abundant  sediment  collects  at  the  foot  of 
the  closed  arm.  This  sediment,  stained  by  Gram's  method. 
sho\\s  the  same  tj-pes  of  organisms  that  were  present  in  the 
Gram-stained  smears  prepared  from  the  feces  direct.  Fermen- 
tation tubes  containing  milk  also  show  an  abundance  of  gas. 
The  milk  is  ver>-  considerably  peptonized  and  usually  the  undis- 
ji'lved  coagulum  is  colored  brown.  As  a  rule  no  distinct  odor 
vif  but)Tic  acid  is  detectable  in  either  the  carbohydrate  fermen- 
latien  tubes  or  the  milk  fermentation  tubes.  Gelatin  stab  cul- 
tures inoculated  as  before  with  the  mixed  fecal  flora,  show  some- 
what rapid  peptonization.  This  peptonization  usually  assumes 
:he  form  of  a  rather  deep  funnel,  indicating  that  the  bacteria 
bringing  about  the  change  are  not  obligate  anaerobes.  The  acid 
dextrose  broth  shows  few  bacteria  of  the  acidophilic  type. 
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The  transitional  flora,  as  the  animal  changes  from  protein  to 
carbohydrate  is  characterized  by  two  noteworthy  features;  first 
the  bacteria  become  much  smaller  and  stain  rather  poorly. 
Evidences  of  degeneration  are  seen,  particularly  vacuolation, 
in  certain  instances  spore-formation  has  been  a  feature  as  well. 
Secondly,  great  irregularities  in  the  distribution  of  the  various 
types  occur.  These  irregularities,  which  are  not  only  morpholog- 
ical but  are  found  to  be  cultural  as  well,  are  apparently  due  to 
the  antagonism  which  occurs  between  the  protein  and  the  car- 
bohydrate flora.  As  the  latter  gradually  becomes  dominant, 
the  Gram-stained  fields  which,  on  the  protein  diet  were  hetero- 
geneous in  appearance,  tend  to  become  more  homogeneous  and 
the  most  prominent  organisms  are  Gram-positive  rods,  thinner 
than  those  noted  in  the  protein  diet,  and  somewhat  longer. 
These  rods,  indeed,  are  so  abundant  that  the  fields  resemble  in  a 
striking  manner  those  of  normal  nurslings.  Cultural  investiga- 
tion has  shown  that  these  organisms  are  in  reality  closely  allied 
to  those  characteristic  of  the  normal  nursling  flora.  It  is  only  by 
careful  scrutiny  that  a  few  residual  organisms  of  the  protein  diet, 
particularly  those  resembling  the  smaller,  Gram-positive  organ- 
isms described  above,  can  be  found. 

Culturally  the  conditions  are  exactly  the  reverse  of  those 
obtaining  on  the  protein  diet.  In  the  fermentation  tubes  the 
gas  volume  rapidly  decreases  and  ultimately  practically  dis- 
appears. The  turbidity  becomes  very  much  less  marked  and, 
indeed,  in  some  cases  only  a  faint  opalescence  develops.  The 
sediments  are  composed  almost  wholly  of  rather  elongated.  Gram- 
positive  rods,  agreeing  with  those  found  in  the  feces.  In  addition, 
under  certain  not  well  understood  conditions,  rod-shaped 
organisms  with  bifid  ends  are  seen.  These  organisms  in  reality 
are  to  be  regarded  as  J5.  bifidus.  In  several  instances  it  has  been 
possible  to  isolate  these  bifid-like  organisms  and  in  their  cultural 
complex  and  general  morphology  they  are  to  be  regarded  as 
identical  with  Tissier's  organism. 

The  milk  fermentation  tubes  show  a  very  slight  growth,  and 
in  fact,  the  only  visible  indication  of  bacterial  activity  is  a  slight 
coagulation.  The  organisms  of  the  carbohydrate  flora  do  not 
cause  pronounced  peptonization  or  free  gas-formation  in  this 
medium.     In  gelatin  the  growth  is  very  scanty  and  only  after 
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several  days  is  it  usual  to  5nd  signs  of  bacterial  development. 
The  organisms  which  occur  are  to  be  regarded  as  proteol>-tic 
bacteria  which  have  developed  in  this  medium. 

Acidophilic  bacteria  do  not  ordinarily  grow  in  gelatin  and  the 
value  of  the  gelatin  tubes  in  this  connection  is  principally  that 
they  furnish  an  environment  so  favorable  to  the  proteolytic  flora 
and  so  unfavorable  to  the  carbohydrate  fiora  that  the  former,  even 
when  present  in  very  small  numbers,  and  with  greatly  diminished 
vitality,  can  grow.  In  the  acid  dextrose  broth  the  acidophilic 
bacteria  find  a  very  favorable  medium  and  even  in  the  highest 
acidities  they  grow  readily,  contrasting  in  this  respect  with  the 
lack  of  growth  in  the  medium  which  is  so  characteristic  of  the 
protein  flora. 

Much  attention  was  given  to  the  question  of  the  presence  of 
strict  anaerobes,  especially  the  gas  bacillus  [B.  perfringens,  B. 
aiTogenes  capsulalus)  as  it  is  now  well  known  that  organisms  of 
this  type  are  liable  to  be  present  in  the  intestine  of  many  animals. 
Many  attempts  were  made  to  isolate  the  gas  bacillus  from  the 
feces  of  the  experimental  monkeys  but  without  success.  In  one 
instance  (Monkey  No.  Ill)  the  animal  was  killed  after  having 
been  fed  on  a  protein  diet  and  cultures  were  made  from  various 
levels  of  the  intestinal  tract.  Material  obtained  from  various 
levels  in  the  large  and  small  intestine  was  suspended  in  sterile 
salt  solution  and  injected  into  the  ear  veins  of  rabbits.  The 
animals  were  killed  after  a  short  interval  and  incubated  at  30" 
for  eighteen  hours.  The  livers  were  found  to  be  dark  colored 
and  to  have  a  putrefactive  odor  but  not  the  odor  of  butjrric  acid. 
There  was  no  development  of  gas  in  the  hvers.  The  micro- 
scopical appearances  obtained  in  smears  made  from  the  liver 
were  like  those  obtained  from  the  liver  of  an  animal  subjected  to 
the  WeUh-Nuttall  procedure  after  the  intravenous  injection  of  a 
culture  of  the  gas  bacillus.  The  bacteria  were  very  abundant 
and  had  the  morphological  appearance  of  the  gas  bacilli.  The 
appearances  indicated  that  they  were  present  in  almost  pure 
culture.  Subsequent  cultural  study,  however,  made  it  clear 
that  these  organisms  could  not  be  classed  with  the  gas  bacilli. 
Inoculated  into  milk  fermentation  tubes  they  failed  to  induce 
the  t  haracteristic  stormy  fermentation  with  butyric  acid  produc- 
tion which  one  expects  to  find  where  one  is  dealing  with  the  gas 
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bacillus.  Moreover  our  organisms  grew  aftrobically  on  dextrose- 
agar  plates.  They  liquefied  gelatin.  We  are  strongly  disposed 
to  class  these  organisms  observed  by  us  as  members  of  the  B. 
subtilis  group. 

Pure  cultures  of  the  organisms  which  we  have  just  described 
were  injected  into  the  leg  muscles  of  guinea-pigs.  They  gave 
rise  to  a  moderate  hemorrhagic  oedema  at  the  site  of  inoculation. 
The  bacilli  were  recovered  in  pure  culture  from  the  site  of  lesion 
and  again  inoculated  into  rabbits  by  the  Welch-Nuttall  method. 
It  was  again  found  that  they  had  multipUed  very  abundantly 
under  anaerobic  conditions  in  the  liver  and  presented  an  appear- 
ance Uke  that  observed  where  the  gas  bacillus  is  present.  Again 
they  failed  to  induce  gas  production  in  the  liver. 

While  these  experiments  do  not  absolutely  exclude  the  presence 
of  the  gas  bacillus  in  the  intestinal  contents  of  our  monkeys, 
they  render  it  highly  probable  that  this  organism  was  not  an 
important  feature  in  the  intestinal  contents  of  the  monkeys  fed 
on  a  protein  diet.  In  the  case  of  the  kittens  no  careful  study 
was  made  to  determine  the  presence  of  the  gas  bacillus.  It  is 
not  unlikely  from  what  we  know  of  the  intestinal  bacteria  in  cats 
on  a  meat  diet  that  this  organism  was  present.  Our  experience 
in  the  case  of  the  monkeys  showed  us,  however,  that  the  presence 
of  the  gas  bacillus  is  not  essential  to  an  explanation  of  the 
phenomena  which  we  have  described  in  this  study. 

The  tables  are  for  the  most  part  self-explanatory.  The  gas 
produced  in  the  dextrose,  lactose  and  saccharose  tubes  is  ex- 
pressed in  percentages  of  the  total  length  of  the  tube,  instead  of 
millimeters,  experience  having  shown  that  the  former  method 
is  more  accurate.  The  readings  were  made  at  the  end  of  eigh- 
teen hours  incubation  at  37®  . 

The  term  "type"  occurs  in  two  different  places;  the  first  in 
connection  with  the  fermentation  tube  sediments,  and  directly 
stained  smears,  in  which  the  +,  —  and  db  mean,  respectively, 
positive  staining  organisms  (gram  stain),  negative  staining 
organisms,  and  (in  the  ±  fields)  an  approximately  equal  division 
between  the  positive  and  negative  types.  In  other  words, 
the  +  and  —  indicate  the  dominance  of  Gram-positive  and  Gram- 
negative  bacteria  respectively.  In  the  fermentation  tubes, 
associated  with  gas,  the  term  is  used  to  indicate  the  amount  of 
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In  Table  V  (Monkey  II)  is  presented  an  experiment  in  which  the  diet 
was  changed  from  bread  and  bananas  to  milk,  then  to  eggs,  then  back  to 
milk,  then  to  eggs  and  back  again  to  milk.  It  is  not  necessary  to  com- 
ment in  detail  on  this  table.  It  shows  essentially  the  same  variations  as 
those  observed  in  the  kittens  when  the  diet  was  shifted  from  one  of  milk 
to  one  of  eggs:  or  from  eggs  to  milk.  The  same  phenomena  as  were 
observed  in  the  case  of  the  kittens,  when  the  change  was  made  from  meat 
to  roilk  or  vice  versa,  are  observed  here,  namely,  variations  of  the  acid»- 
philes,  in  the  organisms  of  the  subtiloid  type,  and  variations  in  gas  pro- 
duction. Very  striking  is  the  abrupt  rise  in  the  gas  production  under 
the  influence  of  eggs  and  its  subsequent  fall  under  the  influence  of  milk 
and  sugar.  The  records  as  regards  the  putrefacti\'e  substances  in  the 
urine  arc  incomplete  but  point  to  a  decline  in  such  products  during  the 
milk  period. 

Table  VI  {Monkey  III)  like  the  preceding  one.  records  the  results  of 
B  alternations  in  diet  from  milk  to  eggs.  Essentially  the  same 
s  apply  to  Table  V  (Monkey  II)  find  place  here.  Again  the 
efTect  of  the  diet  on  the  acidophites  and  subtiloid  organisms  and  the  gas 
production  is  very  marked.  Although  there  are  some  irregularities  in 
the  gas  production,  the  figures  of  the  table  indicate  in  a  convindng  way 
the  influence  o£  the  protein  diet  in  causing  a  rise  in  the  formation  of  gas 
and  the  contrary  influence  of  the  milk  and  sugar  diet.  A  similar  influence 
is  seen  in  the  rise  of  gas  production  on  a  milk  medium  under  the  influence 
of  the  egg  diet. 

Table  VII  (Monkey  IV)  records  another  experiment  illustrating  the 
effect  of  change  from  a  milk  to  an  egg  diet.  In  this  eKperiment  the  acido- 
philic bacteria  did  sot  appear  in  connection  with  the  milk  diet,  and  it 
is  also  noteworthy  that  the  subtiloid  organisms  do  not  appear  to  have 
been  as  much  affected  by  the  changes  in  diet  as  in  previous  experiments, 
although  the  fermentation  tube  sediments  showed  an  increase  of  the  large 
subtiloid  forms  during  the  egg  diet.  The  organisms  of  the  B,  colt  group 
also  appear  to  have  been  less  affected  than  usual  by  the  dietary  changes. 
On  the  other  hand  the  gas  production  in  the  fermentation  tubes  showsin 
a  striking  way  the  typical  effects  of  the  change  from  milk  to  egg  diet. 
The  gas  production  was  very  low  throughout  the  milk  diet  and  promptly 
rose  to  a  high  level  and  maintained  this  high  level  throughout  the  egg 
period.  Toward  the  end  of  the  egg  period  there  was  a  rise  in  the  indican. 
The  influence  of  the  bacteria  from  the  milk  period  and  the  egg  period 
respectively  on  milk  medium  was  less  in  this  experiment  than  in  the 
others  that  have  been  recorded. 

One  of  the  most  notable  features  of  our  investigation  is  the  con- 
trast in  the  gas  production  correlated  with  the  changes  in  diet. 
We  deem  it  desirable  to  say  that  although  we  have  given  this 
phenomenon  considerable  attention  we  are  still  without  an  ex- 
planation  which   is  satisfactory.     At   first  it   seemed   possible 
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that  the  high  gas  values  for  protein  diet  were  due  to  the  activity 
of  the  gas  bacillus  (B.  airogenes  capsulatus)  but,  as  already  stated, 
we  were  unable  to  prove  the  presence  of  this  organism  in  the 
intestine  of  monkeys  on  protein  diet.  Experimental  combina- 
tions of  the  prominent  subtiloid  organisms,  already  mentioned, 
with  colon  bacilli  failed  to  give  gas  volumes  approximating  those 
which  are  recorded  in  our  table.  The  possibility  of  the  presence 
of  the  abundant  gas  formers,  B.  cloaccB,  has  not  been  fully 
excluded. 

In  addition  to  the  studies  on  kittens  and  monkeys  some  obser- 
vations were  made  by  one  of  us  (H)  on  a  human  subject  in  good 
health,  with  a  view  to  determining  the  influence  of  the  addition 
of  from  100  to  to  200  grams  of  cane  sugar  daily  to  the  ordinary 
mixed  diet  containing  meat.  Under  this  addition  of  sugar  the 
feces  became  soft  and  acid  in  reaction  and  odor,  and  the  indol, 
fikatol  and  phenol  were  diminished  markedly.  The  acidophilic 
types  of  bacteria  were  distinctly  increased.  The  influence  (if 
any)  exerted  on  other  kinds  of  bacteria  was  not  studied.  The 
gas  production  by  the  mixed  fecal  flora,  grown  on  saccharose, 
lactose  and  dextrose  bouillon  was  markedly  diminished,  but  the 
depression  was  from  a  lower  level  than  in  the  case  of  the  experi- 
ments on  kittens  and  monkeys. 

One  of  us  (H)  has  made  the  following  observations  on  the 
influence  of  alterations  in  diet  on  the  composition  of  the  intestinal 
contents  with  regard  to  putrefactive  products,  especially  indol, 
skatol  and  hydrogen  sulphide. 

In  a  monkey  receiving  two  eggs  daily  there  was  a  rise  in  the 
amount  of  indol  and  in  the  amount  of  skatol  detectable.  The 
reactions  after  reaching  a  maximum  several  days  after  the  use 
of  this  diet,  continued  strong  during  the  remainder  of  the  ten 
day  period  on  this  diet.  On  changing  the  diet  to  one  consisting 
of  750  cc.  of  milk  and  10  grams  of  dextrose  daily,  there  was  a 
prompt  fall  in  the  intensity  of  the  indol  and  skatol  reactions 
obtainable  from  the  intestinal  contents.  After  four  days  the 
reactions  of  these  substances  were  only  slight;  after  seven  days, 
only  the  faintest  traces  were  observed  imder  conditions  compar- 
able to  the  preceding  test. 

The  following  values  were  obtained  for  the  hydrogen  sulphide 
bound  to  the  feces  under  varying  conditions  of  diet: 
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Platk  I.  Fig  I.  Protein  diet.  Monkey-  Feces  The  Gram-stained 
fields  show  mixed  Gram-positive  and  Gram- negative  flora.  The  fortner 
consists  to  a  considerable  degree  of  large  and  small  subtiloid  baolli,  with 
a  few  coccal  forms.  The  latter  is  composed  largely  of  organisms  refer- 
able morphologically  and  culturally  Co  B.  colt  and  its  valiants,  i  and 
S,  large  subtiloid  organisms;  5.  B.  coli;  f,  smatl  subtiloid  bacilli. 

FiG.  11.  Protein  diet.  Monkey.  Dextrose  sediment.  The  mor- 
phological differences  are  bro"'-"  lut  more  clearly,  due  in  all  prob- 
ability to  the  fact  that  the  o  s  are  in  active  vegetative  develop- 
ment.    /  and  2,  large  subti               cilli;  j,   B.  colii  ^,   small  subtiloid 

Plate  II.     Fig.  III.     Cnrbo  diet.     Monkey.     Feces.     The  fields 

differ  from  those  of  the  pi  _.;t,  being  much  more  homogeneous, 

both  with  respect  to  the  st  i  d  to  the  morphology  of  the  organ- 

isms.    The  most  prominent  ^presented  is  B,  acidophilus,  with, 

however,  a  moderate  number  I   fidus.     Itisnot  possible  todifferen- 

tiate  with   certainty  between   laetx   two  organisms,   morphologically, 
unless  one  sees  them  in  artificial  media. 

Fig.  IV.  Carbohydrate  diet.  Monkey.  Dextrose  sediment.  This 
sediment  is  less  characteristic  than  many  derived  from  this  source,  but 
is  introduced  to  show  the  morphology  of  those  organisms  characteristic 
of  this  diet.  /,  S.  acidophilus,  lonj;  turved  form;  2.  B.  acidophilus, 
shorter  form  (this  organism  is  more  slender  than  the  large  subtiloid 
bacillus,  and  longer  than  a  small  subtiloid  organism);  5.  curved  form 
of  B,  acidophilus;  ^.  typical  B.  bifidus. 

Plate  III.  Fig.  V.  Transitional  stage  from  carbohydrate  to  protein 
diet.  Monkey.  Feces.  The  organisms,  with  the  exception  of  the 
large  forms,  are  undergoing  a  granular  degeneration.  This  is  charac- 
teristic of  the  appearance  of  the  Gram-stained  feces  during  that  period 
elapsing  from  the  disappearance  of  the  carbohydrate  flora  to  tbe  estab- 
lishment of  the  protein  flora.  The  organisms  diminish  in  siie,  and 
stain  irregularly.  1.  degenerating  acidophiles;  2,  subtiloid  bacillus. 
Fig.  VI.  Transitional  stage.  Dextrose  sediment.  Monkey.  The 
degenerative  character  of  the  acidophiles  is  shown.  The  organisms 
develop  slowly,  and  are  atypical  morphologically  and  in  staining 
reaction.  /  and  2.  B.  bifidus;  j,  subtiloid  bacilli;  ^.degenerating  acido- 
philic bacteria. 
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THE    ACTION    OF  SODIUM    BENZOATE  AND  BENZOIC 
ACm  ON  THE  HUMAN  ORGANISM. 

Bt  c.  a.  herter. 

U.  S.  Referee. 

{Professor  of  Pharmacology  Columbia   University^   Consulting   Physician 

City  Hospital.) 

Introductory. 

Since  the  publication  of  the  Report  of  the  Referee  Board*  on  the 
action  of  sodium  benzoate,  this  subject  has  been  widely  ventilated 
in  the  newspapers  and  magazines,  though  little  discussed  by  med- 
ical men.  Believing  that  a  pharmacological  subject  with  so  many 
technical  phases  cannot  be  satisfactorily  presented  and  adjudicated 
by  the  lay  press,  I  desire  to  lay  the  physiological  properties  of  sodium 
benzoate  before  the  medical  profession,  as  it  is  only  here  that  train- 
*  ing  exists  adequate  to  reach  a  scientific  conclusion. 

It  will  be  remembered  that  the  questions  put  by  the  Secretary  of 
Agriculture  to  the  Referee  Board  had  to  do  with  the  harmfulness 
or  harmlessness  of  sodium  benzoate  as  a  food  preservative. 

The  conclusions  of  the  Referee  Board  were  expressed  as  follows: 

1.  Sodium  benzoate  in  small  doses  (under  0.5  gram  per  day)  mixed  with 
the  food  is  without  deleterious  or  poisonous  action  and  is  not  injurious  to 
health. 

2.  Sodium  benzoate  in  large  doses  (up  to  4  grams  per  day)  mixed  with  the 
food  has  not  been  found  to  exert  any  deleterious  effect  on  the  general  health, 
nor  to  act  as  a  poison  in  the  general  acceptation  of  the  term.  In  some  direc- 
tions there  were  slight  modifications  in  certain  physiological  processes,  the 
exact  significance  of  which  modifications  is  not  known. 

^  3.  The  admixture  of  sodium  benzoate  with  food  in  small  or  large  doses 

F  has  not  been  found  to  injuriously  affect  or  impair  the  quality  or  nutritive 

i         value  of  such  food. 


^The  Influence  of  Sodium  Benzoate  on  the  Nutrition  and  Health  of  Man. 
U.  8.  Department  of  Agriculture,  Report  No.  88.  May  4,  1909. 


a       Action  of  Sodium  Benzoate  and  Benzoic  Acid 

Although  these  coaclusiona  have  been  widely  attacked  in 
lay  press  and  to  some  extent  in  the  medical  journals,  few  rec 
writioga  of  a  scientific  nature  bear  on  them.  At  the  time  of 
issue  of  the  Report  of  the  Referee  Board  (BuUetia  No.  88)  th 
existed  a  Report  (Bulletin  No.  84)  of  the  United  States  Depi 
naent  of  Agriculture  written  by  Dr.  H.  W.  Wiley  and  his  co: 
borators  dealing  also  with  the  action  of  sodium  benzoate.*  As 
conclusions  expressed  in  this  report  are  in  most  respects  qu 
opposed  to  those  of  the  Referee  Board  it  is  onlj'  natural  that  opp 
ing  opinions  and  convictions  should  have  rallied  about  these  t 
reports.  Recently  there  has  been  published  a  strongly  bia: 
paper  dealing  with  the  action  of  benzoic  acid  on  animals  and  m 
in  which  experiments  are  reported  which  claim  a  somewhat  sta 
ling  grade  of  toxicity  for  benzoic  acid.  If  we  exclude  various  d 
tribes  of  a  general  nature  which  make  not  even  a  superficial  p 
tense  to  scientific  merit,  we  find  that  the  two  communications  ji 
mentioned  (Bulletin  No.  84  and  the  paper  by  Lucas)  fumi^  1 
opponents  of  the  Referee  Board  with  the  chief  materials  for  th 
endeavors  to  discreoit  its  conclusions.  I  believe  I  shall  be  able 
the  following  pages  to  show  that  in  the  benzoate  question  the  i 
parently  opposing  views  are  in  reality  not  of  equal  accuracy  a 
merit.  I  purpose  to  show  that  the  Report  of  the  Referee  Boi 
has  not  been  disproved  in  any  particular  and  that  its  conclusit 
remain  unshaken  by  the  controversial  assaults  upon  them, 
purpose,  also,  to  show  that  those  who  are  on  record  with  cone 
sions  oppo^^ed  to  those  of  the  Referee  Board  have  committed 
series  of  scientific  blunders  which  will  open  the  eyes  of  any  unpi 
judiced  student  of  the  question  to  the  fact  that  the  apparent  e' 
dence  against  the  conclusions  of  the  Referee  Board  is  of  a  nati 
so  flimsy  as  to  completely  break  down  under  searching  criticis 

'  WiLEr,  H.  W.,  with  the  coHaboriition  of  W.  D.  Bigelow,  F.  C.  Weber  * 
others.  Influence  of  Food  Preaervatives  and  Artificial  Colors  on  Dig 
tion  and  Health.  IV.  Benzoic  Acid  and  Benzoate^.  United  Stales  Depa 
tnent  of  Agriculture,  Bureau  of  Chemiatry.  Bulletin  No.  84,  Part  iv,  j 
1(M3-1294, 1908. 

'  Ldca9,  Daniel  R.,  M.D.  Some  Effects  of  Sodium  Bcnioate.  Jo 
Amer.  Ued.  A»sn.,  liv,  p.  759,  1910  (March  5,  No.  10). 
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I  propose  to  discuss  this  subject  under  the  following  heads: 

1,  Plan  of  experiments  and  mode  of  administering  benzoates 
and  benzoic  cid. 

2,  Clinical  effects  of  benzoates  and  benzoic  acid. 

3,  Effects  on  digestive  conditions. 

*i.  Effects  on  metabolic  conditions. 
B.  Effects  on  the  kidneys. 
1.  Plan  of  Expsbiments  and  Mode  of  Aduinistration. 


.es 
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In  any  elaborate  study  of  a  pharmacological  question  the  plan 
of  procedure  is  of  the  first  importance,  but  it  does  not  follow  that 
all  investigators  of  the  same  question  should  follow  exactly  the 
same  plan.  The  three  experiments  of  the  Referee  Board  on  ben- 
zoate  of  soda  were  not  identical.  They  cover  a  wide  territory  and 
are  by  farthemost  extensiveand  carefully  conducted  experiments 
that  exist  on  this  subject.  Few  criticisms  which  can  by  any  stretch 
of  courtesy  be  called  valuable  have  been  received  by  the  Referee 
Board,  but  a  great  variety  of  rather  thoughtless  comment  has  been 
made.  The  Referee  Board  has  been  criticized  for  not  carrying  on 
its  experiments  over  a  much  longer  period  of  time ;  for  not  extending 
them  to  sick  people  and  babies;  for  not  carrying  out  certain  clini- 
cal observations,  such  as  frequent  records  of  the  blood  pressure. 
The  experiments  from  my  laboratory  have  been  criticized  because 
the  subjects  (who  were  also  analysts)  did  not  take  their  pulses, 
temperatures,  respiration  and  blood  pressures  several  times  a  day 
in  addition  to  collecting  their  perspiration.  These  details,  which 
I  consider  of  secondary  importance,  were  purposely  dispensed  with 
in  my  series  because  their  observance  would  have  seriously  inter- 
fered with  the  work  of  the  subjects  and  would  have  had  a  detrimen- 
tal effect  in  calling  undue  attention  to  their  own  condition.  In 
the  set  of  experiments  carried  out  by  Professor  Long,  which  were 
in  some  respects  less  exacting,  the  pulse,  temperature  and  respirSf- 
tion  were  carefully  noted,  so  that  these  points  havenot,  in  reality, 
been  overlooked  by  the  Referee  Board. 

As  regards  the  duration  of  our  experiments  I  would  say  emphati- 
cally that  studies  of  this  nature  cannot  be  indefinitely  carried  on, 
as  they  call  for  a  degree  of  coordination  and  an  exacting  attention 
io  a  multiplicity  of  details  which  after  a  time  induce  an  tnniti 
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which  makes  continuance  increasingly  difficult.  This  is  a  point 
which  can  only  be  appreciated  fully  by  those  who  have  undertaken 
an  elaborate  investigation  of  this  sort.  In  reality  our  experiments 
on  benzoat«  lasted  long  enough  to  reveal  any  poisonous  effects — did 
such  pertain  to  the  doses  used — mace  there  is  not  the  shadow  of 
evidence  that  the  benzoates  have  any  cumulative  effect,  like  digi- 
talis or  arsenic.  Moreover  they  were  of  longer  duration  than  any 
others  that  have  been  made.  The  amounts  administered  were  also 
large  enough  to  fully  test  the  question  of  injurious  action,  fiaTing 
beeti  far  above  any  possible  quantities  thai  would  ordinarily  be  ingested 
as  a  preservative.  The  difficulties  of  studying  the  effects  of  benzoat* 
on  sick  people  and  babies'  are  very  obvious,  and  it  is  equally  clear 
that  such  an  undertaking  cannot  be  regarded  as  essential  to  answer 
the  questions  asked  by  the  Secretary  of  Agriculture.  Any  injurious 
effects  of  the  substances  in  question  could  be  much  more  clearly 
and  precisely  observed  in  normal  persons  than  in  persons  whose 
functions  are  modified  by  disease.  The  mode  of  administration 
deserves  a  word.  The  object  in  swJi  an  ezperiinent  should  be  to 
obtain  conditions  as  dosely  similar  as  possible  to  the  conditions  that 
would  exist  if  preserved  food  were  taken.  Now  it  is  quite  clear  that 
such  conditions  cannot  be  perfectly  imitated.  In  order  to  give, 
say,  three  grams  a  day  of  sodium  benaoate  in  a  concentration  of 
one-tenth  of  one  per  cent,  (that  most  commonly  employed)  it 
would  be  necessary  to  administer  three  litres  of  benzoated  food  in 
a  day.  And  as  such  food  is  mostly  of  vegetable  nature,  such  as 
fruits,  apple-butter,  catsups,  etc.,  it  is  evident  that  it  would  he 
absurd  to  expect  to  E've  such  large  doses  in  the  form  of  preserved 
food  without  increasing  the  concentration  of  the  benzoate  far 
beyond  that  employed  in  practice — a  manifestly  unfair  con- 
dition. In  the  experiment  of  the  Referee  Board,  benzoate  was 
added  to  the  food  and  naturally  forthe  most  partto  the  fluid  consti- 
tuents of  the  food,  such  as  soup,  milk,  water,  etc.  My  experiments 
have  been  criticized  because  some  of  the  benzoate  was  added  to  milk. 
The  use  ef  benzoate  in  milk,  however,  was  simply  part  of  what  seemed 
the  necessary  practice  of  giving  the  benzoate  in  fluid  or  senii-Suid 
food,  as  it  could  not  so  easily  be  evenly  distributed  in  solid  food. 


J 


C.  A.  Herter  5 

It  should  be  remembered  that  benzoate  when  ihns  given  in  various 
fluid  or  semirfluid  foods  rvovld  not  remain  confined  to  these  in  the 
stomach  but  vwuld  tend  to  become  generally  diffused  through  the  semi* 
fluid  contents  of  the  stomach.  It  is  difficult  to  see  how  any  fair* 
minded  critics  can  object  to  such  a  method  of  administration. 
On  the  other  hand  to  administer  sodium  benzoate  or  benzoic 
acid  in  a  concentrated  form,  so  that  there  is  a  probability  of  actual 
contact  of  the  crystalline  substance  with  the  walls  of  the  stomach 
or  intestine,  is  so  remote  from  what  happens  in  the  use  of  any  pre- 
servative as  to  be  a  glaring  artificiality.  Such  a  method  must  be 
designated  an  experimental  blunder.  This,  however,  is  the  method 
which  was  regularly  and  continuously  employed  in  the  experi- 
ments reported  in  Bulletin  84,  for  here  benzoate  and  benzoic  acid 
were  given  in  solid  form  in  capsules  (presumably  gelatin)  so  that 
the  stomach  was  liable  to  be  first  exposed  to  the  utmost  concentration 
of  these  substances  that  was  attainable  in  the  fluids  into  which 
they  were  diffused  after  solution  of  the  capsule. 

2.  Clinical  Effects  of  Administration  of  Benzoate  of  Soda 

AND  Benzoic  Acid. 

One  might  safely  predict  the  occurrence  of  disturbances  of  diges- 
tion after  giving  these  substances  in  capsules.  How  could  it  be 
otherwise?  Everyone  knows  that  the  liberation  of  free  strong  acids 
exerts  injurious  effects  on  all  living  tissues,  and  no  method  could 
have  been  more  effectively  designed  to  injure  the  digestive  tract 
by  means  of  benzoic  acid  or  benzoates.  The  large  number  of  diges- 
tive derangements  reported  in  Bulletin  No.  84  can  probably  be 
fairly  referred  to  this  method  of  administration.  Surprising  as 
it  may  seem,  however,  a  still  more  ingenious  method  of  giving 
sodium  benzoate  has  been  used  by  Lucas,  by  whom  dogs  were  fed 
relatively  enormous  doses  of  sodium  benzoate  (about  1  gram  to  the 
kilo)  from  which  the  acid  was  promptly  liberated  by  giving  large 
doses  of  hydrochloric  acid.^   It  cannot  even  be  pretended  that  such 

*  Exactly  the  same  bias  that  is  shown  in  the  Lucas  paper  in  the  experi- 
ments on  human  beings  is  shown  in  the  experiments  on  dogs.  The  following 
extraordinary  experiment  is  reported:  A  fasting  dog  weighing  3.5  kilos 
received  sodium  benzoate  and  hydrochloric  acid  in  a  preliminary  experi- 
ment.   The  day  after  recovery  from  muscular  wei^oiess,  nausea,  etc.,  it 
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extreme  experiments  throw  any  light  on  the  action  of  sodium  ben- 
zoate on  the  human  body,  since  the  conditions  of  administration 
are  grotesquely  remote  from  anything  that  ever  happens  when  ben- 
zoates  are  used  in  food.  Would  such  experiments  be  introduced  in 
an  unbiassed  discussion  of  the  effects  of  benzoat^s  in  preserva- 
tivesY 

It  has  been  intimated  by  a  sensational  magazine  writer  that  the 
experiments  of  the  Referee  Board  prove  that  there  were  great 
disturbances  of  digestion  due  to  the  sodium  benzoate  which  the 

received  4  grama  of  sodium  benzoate  in  an  amount  of  hydrochloric  acid 
theoretically  sufficient  to  decompoee  it  completely  to  tree  beoEoic  acid,  to- 
gether with  100  c.c.  of  a  two  per  cent,  citric  acid.  The  animal  became  very 
weak,  developed  coovulGionE  and  died  soon  after  the  dose,  showing  congea- 
tion,  ulceration  and  hemorr&hage,  etc.,  in  the  digestive  tr&ct,  liver  and  lungB. 
Anyone  who  will  reflect  on  what  this  experiment  represents  inthewajof 
benzoic  acid  in  a  human  being  will  see  that  it  is  equivalent  to  giving  80  granu 
of  benzoate  of  soda  to  a  mao  weighing  70  kilos.  The  effect  in  sucb  an  experi- 
ment ia  to  liberate  bensoie  acid  in  its  moat  concentrated  form  to  say  nothini 
of  free  solid  benioic  acid.  How  any  other  outcome  than  groaa  damage  to 
the  digestive  tract  was  to  be  expected  it  is  difficult  to  see,  the  reaulu 
obtained  being  merely  in  accord  with  what  every  pharmacologist  knows  to 
be  the  action  of  strong  acid.  The  fact  that  doga  receiving  hydrochloric  tcii 
and  citric  acid  in  considerable  quantities  without  benioic  acid  did  doI 
become  sick  and  die,  presents  no  unexpected  features.  It  is  doubtful  if  aoj 
competent  and  fnir-minded  investigator  would  put  forward  such  an  experi- 
ment as  the  one  quoted  above  as  an  argument  in  regard  to  the  action  of 
benzoic  acid  as  a  food  preservative, 

I  am  constrained  to  refer  again  to  the  prejudiced  spirit  of  the  Lucas  paper, 
which  shows  an  ill-concealed  tendency  to  make  out  the  very  wcM^t  possible 
case  against  benzoate  of  soda,  regardless  of  the  facta.  When  the  unin- 
lelligeiit  experiments  on  dogs  were  read  at  Denver  the  terrifying  efiecU 
of  the  substance  were  given  in  detail.  One  of  the  dire  consequences  of 
poisoning  by  benzoic  acid  was  "that  the  liver  and  lungs  showed  evidejict  oj 
infarct^''  in  the  first  experiment.  In  a  second  experiment  also  "the  hver 
and  lungs  showed  considerable  congestion  with  some  evidence  of  in/arcli." 
(The  italics  are  mine.)  The  auti-benzoate  enthusiaam  needful  to  picture 
this  unlikely  development  of  infarcts  appears  to  have  subsided  in  the  atmo«' 
phcre  of  circumspection  and  truthfulness  which  prevails  in  New  York,  and 
in  the  published  account  of  the  experiments  the  "  infarcts' '  have  been  judi- 
ciously converted  into  mere  hemorrhages.  Kvery  pathologist  can  see  thsl 
the  reported  protocols  do  not  point  to  hepatic  and  pulmonary  infarcts  and 
some  adumbration  of  this  must  have  reached  the  parents  of  the  paper,  on 
whom  reeled  the  painful  burden  of  bringing  the  anatomical  proofs  wbich 
are  wholly  absent  in  the  published  descriptions  of  the  lesions. 
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members  of  the  Board  either  were  not  intelligent  enough  to  recog- 
nize as  such  or  deliberately  overlooked.  A  startling  showing  is 
made  by  extracting  from  the  notes  on  sixteen  men  every  digestive 
symptom  and  listing  them  quite  dislocated  from  their  context. 
The  following  facts  were  entirely  overlooked:  namely,  that  the 
disturbances  referred  to  wereslight, occurred  duringthetryingsuni- 
mer  months  when  people  are  more  than  ordinarily  subject  to  slight 
digestive  disorders,  and  that  competent  physicians  were  accessible 
to  scrutinize  the  meaning  of  such  subjective  and  objective  dis- 
turbances as  were  reported  by  the  subjects  of  the  experiments.' 
It  13  noteworthy  that  our  men  had  a  sense  of  well-being  during 
the  greater  part  of  the  experiments  and  quitted  them  in  the  best 
of  health,  having  gained  in  weight  during  the  benzoate  period  with 
one  exception,  where  there  was  no  loss.  In  case  of  the  experi- 
ments reported  in  Bulletin  No,  84  there  was  a  loss  in  weight  which 

■  In  my  experiments  Dr.  John  S.  Thacber  waa  the  phyBieian  in  charge. 
He  ifl  a  man  dlstiDguished  (or  fairnesB  of  mind,  experience  and  good  judg- 
ment—a man  with  a  quarter  of  a  century  of  experience  in  scientific  labora- 
tory motbodB  and  now  a  diatiaguiehed  practitioner  and  attending  physician 
to  the  Presbyterian  and  Kooeevelt  Hospitals.  We  are  asked,  however,  to 
lay  aside  the  views  of  this  physician  as  to  the  significaDce  of  the  alight 
disturbances  wtticb  occurred  in  our  group  of  men  and  to  prefer  the  inter- 
pretation placed  upon  them  by  a  acientificnily  uneducated  and  irresponsi- 
ble magazine  writer  and  by  a  young  physician, — a  subject  in  our  experi- 
meota — who  had  shown  a  disregard  for  the  reasonable  regulations  under 
which  the  experiments  were  conducted  and  who  has  receotly  published 
his  own  interpretation  ot  the  value  of  the  alight  disturbancea  observed  by 
httn  when  taking  large  doses  of  sodium  bonEoate.  Dr.  Lucas  reported 
to  Dr.  Wakeman  (immediately  in  charge  of  the  laboratory)  on  one  occasion 
that  he  experienced  some  uneasiness  after  taking  prune  juice  to  which  be 
had  added  aodium  benioate.  But  aside  from  this  Dr.  Wakeman  cannot 
recall  any  report  bearing  on  this  subject.  Dr.  Wakeman  saya  "I  am  unable 
to  find  in  Dr.  Lucas's  note-book  in  which  he  entered  his  symptoms  any  refer- 
ence to  any  other  effects  from  taking  sodium  benioate  in  acid  portioaa  of 
the  food."  The  addition  of  benioate  to  acid  portions  of  the  food  taken  at 
I  the  beginning  of  some  of  the  meals  was  a  procedure  carried  out  by  Dr.  Lucas 
tiative.  As  he  was  taking  2.5  grams  of  sodium  benzoate  daily 
I  there  waa  here  an  opportunity  for  the  liberation  of  a  considerable  quantity 
I  of  bensoic  acid  in  concentrationH  far  in  excess  of  that  employed  in  any  pre- 
I  Bervativea.  That  some  symptoms  of  gaatrio  irritation  should  have  arisen 
under  these  circumstances  so  far  removed  from  the  conditions  under  which 
L  bensoated  food  would  ordinarily  be  taken,  is  not  surprising. 
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is  attributed  to  the  poisonous  action  of  sodium  benzoa 
int«rpretatioQ  is  difficult  to  support  but  it  is  not  imposf 
owing  to  the  method  of  administration  of  sodium  ben«o 
disturbance  of  absorption  was  induced,  detrimental  to  the 
of  weight.  Possibly  underfeeding  contributed  to  the  res 
The  careful  observations  of  the  Referee  Board  reiatii 
clinical  examination  of  the  blood  failed  to  show  any  de 
effects  from  the  administration  of  sodium  benzoate  in  i 
employed. 

3.   Effects  on  Digestive  Conditions. 


In  the  report  from  my  laboratorj'  several  slight  mod 
of  function  were  noted  in  relation  to  the  digestive  tract 
these  was  a  rise  in  the  free  hydrochloric  acid  of  the  gas 
which  showed  a  tendencj'  to  be  secreted  in  quantities  api 
the  upper  phj^iological  limits.  It  is  noteworthy  that  (Aii 
lion  of  gastric  aaretion  ICTW  not  associated  mtk  any  observa 
toms  such  as  are  often  associated  with  pathological  kypercK 
The  most  significant  feature  of  the  rise  of  the  hydrochloi 
the  fact  that  it  may  be  regarded  as  affording  the  very  best  o 
ties  for  the  extensive  liberation  of  benzoic  acid  from  the  got 
zoaie  ingested,  thus  giving  tiie  fullest  opportunity  for  an 
action  which  the  liberated  benzoic  acid  might  exert.  This  fa 
it  especially  noteworthy  that  during  the  high  benzoate  pei 
were  no  observable  signs  of  gastric  irritation. 

A  slight  increase  in  the  indican  of  the  urine  waa  noted  duriE 
bviuiiule  period,  but  the  rise  wae  bo  slight  that  it  might  easily  ha 
l«iertiDn,  I  have  lieen  inclined  to  attribute  it  to  a  slight  stimuli 
!al>T«  Mlion  on  the  lower  part  of  the  small  intestiae  and  perhaps 
;«7t  «<l  the  colon.  But  nl  most  it  is  possible  to  attach  to  it  only  si 
•jiinftn  Such  significance  as  it  possesses  1  should  regard  as  poii 
Mt^ovabto  action  on  digestion  from  the  contiouotis  and  prolan 
Mip  iWM  of  sodium  benzoate.  The  depression  of  the  gaa-fon 
■^  4^  tW  mixed  fecal  bactcriEi  I  ani  unable  to  satisfactorilj 
?h»  laawiwwnon  has  been  wholly  misunderstood  by  some  critic 
«^  X»  %  fM  they  have  assumed  that  this  depression  in  gaa 
i_imn  •!  riir  fw  fonncil  within  the  intestiac  itself,  whereas  m; 
^_^«p^  w  A^  Aili^ly  with  gas  phenomena  observed  in  fennentsi 
'^^  a  I  n-n"  rar  in  <'he  proportion  of  coccnl  bacteria  obser 
^PM^WM*  1MI*  M<i<niente  after  inoculation  with  the  mixed 
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I  am  also  UDOible  toeatisfactorily  interprot  and  the  reaults  were  reported  only 
beoauBe  it  did  not  seeni  fair  to  arbitrarily  ignore  them  in  an  impartial  report. 
Possibly  this  phenomenon  points  to  slight  irritation  through  the  action  of 
large  doses  of  sodium  bensoate  but  I  do  not  think  this  view  can  be  positively 
maintained.  It  was  my  impresGion,  however,  that  on  the  whole  the  slight 
modification  of  physiological  fuDction  in  the  digestive  tract  which  I  have 
referred  to  could  best  be  accounted  for  by  supposing  that  the  gastro-enterio 
raucous  membrane  in  some  port  of  its  course  had  been  subjected  to  a  slight 
stimulant  or  irritative  action  and  that  this  action  waa  exerted  by  the  con- 
tinued use  of  rather  large  doses  of  sodium  be nioate— doses  much  above  tbe 
amount  which  would  be  ingested  by  even  the  very  free  use  of  benioat«d  foods. 

In  Bulletin  No.  84  it  is  sCated  that  there  was  a  dimioished  absorp- 
tion of  food  from  the  alimentary  canal,  not  during  the  benzoate 
of  sods  period,  but  after  the  withdrawal  of  the  substance.  Na 
reaaon  except  acddenial  association  is  given  for  connecting  this  de- 
creased absorption  with  the  ingestion  of  sodium  benzoate.  The  report 
made  in  Bulletin  No.  88  from  tbe  Referee  Board  is  based  on  accu- 
rate and  adequate  methods  of  determining  the  absorption  of  pro- 
teins and  fats.  The  results  show  in  the  most  definite  way  that  the 
taking  of  bemoate  of  soda,  even  in  large  doses,  over  a  considerable 
period  of  time,  caused  no  interference  whatever  in  the  extent  of  absorp- 
tion of  these  highly  important  food-stuffs,  during  either  the  bemoate 
period  or  the  after  period. 

IjCt  us  turn  for  a  moment  to  the  consideration  of  the  effect  of 
benzoic  acid  on  the  digestive  enzymes.  The  statement  is  made  in 
the  Lucas  paper  that  a  subordinate  relation  to  benzoic  acid  is 
shown  by  sodium  benzoate  when  comparative  toxicity  to  other 
enzymes  and  bacteria  is  considered.  This  remarkable  claim  is, 
perhaps,  as  illuminating  as  the  assertion  that  common  salt  is 
less  toxic  than  muriatic  acidi  Certain  numerical  results,  carefully 
selected  from  a  table  found  in  T.  Lauder  Brunton's  text^book' 
(but  not  based  on  Brunton's  own  work)  are  reproduced  apparently 
with  the  idea  of  giving  the  impression  of  great  toxicity  for  benzoic 
acid.  For  example,  emulsin  is  said  to  be  inhibited  by  1 :2100  ben- 
zoic acid.  As  a  matter  of  fact,  however,  if  the  toxicity  of  ben- 
Eoic  acid  be  compared  with  that  of  other  carboxylic  acids  mentioned 
in  the  table—and  surely  this  is  the  only  fair  basis  for  a  compari- 
Bon — a  very  different  impression  is  obtained.    Thus  salicylic  acid 

'  Text~bo(ik  of  Pbarmacology,  Therapeutics  and  Materia  Medica,  London, 
1878,  Ed.3,  p.  78. 
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^idi^kfHO^  add  wafaovB  to  be  tfa«e  and  one-half  to  tm 
ai  lOBB  la  boBMiir  acid  as  rcEwds  enndsa.    Bat  it  is  not 

viae  to  dbcoM  tbc  table  m  detwl  anoe  tbe  nsoha  are  Tcf7  ii 
osatc^  For  naniplf,  the  staleiDeot  ta  made  and  mduded  in  the 
Lucas  paper  that  pqitic  digestion  ia  eanl  j  arrested  by  bensoic 
aod  in  the  praportioD  of  1 :  aOO.  m»  «  on  enfiraf  j  errvnttma  rfat*- 

Ham  waMhrfiaa  owiyrjrfi  a^ttratoi  wHk  bauoic  aai,'  ahboq^ 
r  ht-n  the  weluMtj  nf  thg  iwetinn  mi  dtminki^t.^  Ttyptk 
1  bj  the  pnaenee  of  one-tenth  per  cent 
'  e  it  ii  nntnie  that  enmlaB  ts  inhibited 
bj  bone  nod  m  eoBeentnttiau  of  1: 310CL  It  k  thus  eridenl 
that  then  eiiala  no  foandatian  foraeaibinKto  beoaoic  addaagr 
apedfie  iaUiitae  acliaa  on  peptic  (fifiestion. 

4.  Umubouc  CoKDtnoHS. 

:  w^ei^t  is  laid  <m  the  study  of 
1  it  is  claimed  tliat  the  average  data  for 
e  of  two  per  rent,  in  the  preeervatlTC 
paiod  ol  the  amount  of  ingested  nitrogen  excreted  in  metaboliKd 
te  te  tki»  txttnt  At  taUMk 
JwKtitmt  nUs  Ike  ncraoar  t^ratrofok  in  On  facet  point  to  adecnam 
m  attvfea  ontaMToft'aa."  It  wotdd  be  imposable  and  beside  tlw 
mark  to  dtseoss  here  the  qaestkm  erf  nibogen  metabolism  in  exteoso, 
for  the  reason  that  ample  space  woold  be  required  to  adequately 
piesoit  asubjeet  ^mut  which  chemical  phyaolt^ists  differ  so  widely. 
I  do  not  attach  pathtdogjcal  significance  to  sli^t  variations  in  the 
nitrogen  balances  obtained  either  by  the  methods  used  for  the  data 
of  Bulletin  No.  84  or  for  the  data  of  Bulletin  No.  88;  I  venture  to 
make  the  unconventional  statement  that  it  is  impossible  from  such 
experiments  to  derive  any  pathol<^cal  ^gnificance  from  the  slight 
or  moderate  variations  in  the  nitrt^en  balances,  since  the  experi- 
mental conditions  present  difficulties  so  great  as  to  make  it  unsafe 
to  draw  such  significant  conclusions.  The  fact  that  unjustifiable 
CMiclusions  have  been  drawn  by  eminent  writers  on  this  subject 
does  not  deter  me  from  expressing  my  conviction  on  this  point. 
Bulletin  \o.  84  lakes  no  acamnt  ichaieter  of  the  partition  of  tht 

'  This  subject  baa  been  most  earefollj  and  folly  iovestigsted  imderin; 
direcUcui  by  >  highly  skilled  pfaysiologica]  chcmiat,  Mr.  H.  D.  Dakin. 
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nitrogm  in  the  iiriTW — a  consideration  of  far  greater  importance  than 
the  mere  nitrogen  balance.  Bulletin  No.  88,  on  the  other  hand, 
^ves  the  results  of  detailed  studies  of  the  nitrogen  of  iirea,  the 
nitrogen  of  ammonia,  the  nitrogen  of  uric  acid,  the  nitrogen  of  the 
purin  bases  and  the  nitrogen  of  crcatinin.  Particularly  important 
in  the  benzoate  study  is  the  possibility  of  the  occurrence  of  acid 
intoxication  from  benzoatcs  and  benzoic  acid.  The  results  of  the 
study  of  the  ammonia  excretion  show  that  there  is  not  even  the 
shadow  of  ground  for  the  view  that  such  intoxication  existed  even 
in  the  slighest  degree  at  any  time  in  the  experiments  made  by  the 
Referee  Board.  Nor  did  the  other  nitrogenous  constituents  show 
indications  of  disturbed  nitrogen  metabolism. 

/  tvish  to  insist  on  the  significant  fact  that  any  disturbance  of  the 
nitrogen  balances  indicative  of  deranged  intermediary  nitrogenous 
metabolism  would  certaiTily  have  revealed  itself  in  some  abnormality 
of  the  nitrogen  partition. 

Under  metabolic  disturbances  we  may  include  derangements 
characterized  by  the  occurrence  of  reducing  substances  in  the 
urine.  The  tables  in  the  Lucas  paper  give  the  impression  that  when 
benzoated  cider  is  ingested  it  is  followed  by  the  appearance  of  reduc- 
ing substances  in  the  urine  attributable  to  the  benzoic  acid.  It 
is  unfortunate  that  these  tables  show  no  adequate  controls  based 
on  the  action  of  cider  alone.  I  wish  to  state  that  unbenzoated  cider 
(two  litres  in  the  course  of  the  day)  in  some  persons  gives  rise  to 
a  marked  increase  in  the  reducing  substances  of  the  urine.  For 
this  reason  it  is  wholly  unfair,  on  the  strength  of  the  data  given, 
to  implicate  benzoic  acid  in  the  causation  of  the  reducing  action 
noted.  It  is  well  known  that  large  doses  of  benzoate  of  soda  (10 
to  20  grams  daily)  cause  the  appearance  of  increased  reduction  in 
the  urine  duo  to  glycuronic  acid.  Somewhat  smaller  doses  may 
Bometimes  suffice  to  do  this.  The  relatively  small  quantities  taken 
in  benzoated  cider  do  not  suffice  to  produce  this  effect.  Thus  we 
have  here  another  instance  of  a  blunder  of  interpretation  based 
on  unscientific  methods  of  procedure.' 

'  An  ocDiirate  comparisoa  of  the  varying  rettucing  power  of  the  urine  with 
Fphling'e  solution  can  only  be  obtained  by  the  moat  careful  experimeata 
in  which  definite  volumes  of  Fehting'ssolution  nnd  of  urine  of  definite  ape- 
oific  gravity  are  employed  and  boiled  for  tbesamelengthof  time,  the  results 
being  recorded  after  a  definite  lapac  of  time.  None  of  these  essential  pre- 
cautions are  mentioned  in  the  papi-r  referred  to. 
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5.  Effects  on  the  Kidnets. 

Perhaps  the  most  notable  infelicities  connected  with  Bulle- 
tin No.  84  and  with  the  Lucas  paper  are  to  be  found  in  the  discus- 
sion of  the  effect  of  benzoate  of  soda  and  benzoic;  acid  upon  the 
kidneys.  I  will  briefly  renew  the  points  at  issue  under  the  foUowing 
heads: 

(a)  Excretion  of  hippuric  acid 

(b)  Formed  elements  of  the  urine 

(c)  Albuminuria 

a.  We  learn  from  Bulletin  No.  84  (page  1287)  that  "hippunc 
acid  is  the  most  important  natural  constituent  of  the  urine  d 
herbivorous  animals,  whose  food  cont^ns  large  quantities  of  aro- 
matic substances  which,  either  by  oxidation  or  reduction,  are  con- 
verted into  bodies  containing  the  benzene  nucleus."  Has  Ihii 
sentence  any  meaning  whatever  or  any  relation  to  fact?  How  an> 
matic  substances  can  be  converted,  either  by  oxidation  or  reduc- 
tion, into  bodies  containing  the  benzene  nucleus  must,  I  think, 
always  remun  a  chemical  mystery.  In  the  next  sentence  we  sut 
told  that "  the  benzene  nucleus  by  combination  with  glycocoU  is  con- 
verted into  hippuric  acid,  in  which  form  it  is  excreted."  This  per- 
formance on  the  part  of  the  benzene  nucleus  will  be  greeted  widi 
admiration  by  all  who  know  its  propertiee.  With  this  turbid 
introduction  io  the  physiology  of  hippuric  acid,  so  typical  of  tin- 
entire  discussion,  we  are  led  tfl  a  discussion  of  the  physiologj-  oi 
of  hippuric  acid  formation  and  excretion.  The  experiments  m 
Bulletin  No.  84  are  said  to  show  that  when  benzoic  acid  was  given, 
an  amount  of  hippuric  acid  was  recovered  corresponding  to  81.32 
per  cent-  of  the  total  quantity  ingested,  while  only  61,41  per  ceni 
of  benzoic  acid  was  recovered  as  hippuric  acid  after  sodium  hcn- 
zoate  had  been  taken.  "  Thus  there  is  shown  a  marked  tendency  tn 
restrict  the  excretion  of  benzoic  add  when  administered  as  benz»iU 
oj  soda,  the  total  decrease  being  almost  exactly  20  per  cent,  as  compared 
with  the  excretion  of  benzoic  acid,"  Then  comes  the  inevitable 
damaging  conclusion.  "This  fact  is  another  confirmation  of  what 
is  shown  in  so  many  other  instances  from  this  study  of  the  retarded 
effect  of  the  preservative  on  the  system  when  administered  a.- 
benzoate  of  soila." 

This  coni'lusiuii  on  the  part  of  the  writers  of  Bulletm  No,  81 
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is  wholly  erroneous  for  the  reason  that  the  data  on  which  it  is  based 
are  incorrect.  It  is  not  true  that  a  large  proportion  of  the  benzoic 
acid  introduced  as  benzoate  of  soda  fails  to  be  excreted  as  hippuric 
acid.  The  work  of  Lewinski^  has  shown  that  all  the  benzoic  acid 
introduced  as  sodium  benzoate  is  recoverable  as  hippuric  acid  where 
quantities  are  used  such  as  were  recorded  in  the  benzoate  experi- 
ments reported  in  Bulletin  No.  84  and  Bulletin  No.  88.  In  order 
to  test  this  question  independently  I  asked  Dr.  Dakin'  to  make  a 
special  series  of  experiments  in  which  the  factor  of  diet  was  taken 
most  carefully  into  account.  These  experiments,  which  were  con- 
ducted with  great  care,  show  that  icssentially  all  of  the  benzoic 
acid  introduced  as  sodium  benzoate  is  recoverable  as  hippuric  acid, 
although  as  much  as  ten  grams  of  sodiimi  benzoate  a  day  was 
ingested  in  one  observation.  In  these  experiments  there  was  no  guess- 
work as  to  the  substance  actually  recovered.  The  hippuric  add  was 
recovered  as  chernicaUy  well  defined  hippuric  add  possessing  the 
various  properties  of  this  substance. 

I  therefore  state  that  benzoate  of  soda  taken  in  the  amounts  given 
in  the  experiments  recorded  in  Bulletin  No.  84  ond  Bulletin  No.  88  is 
almost  wholly  recoverable  as  hippuric  add  and  that  benzoate  of  soda  in 
nowise  differs  from  benzoic  add  in  respect  to  this  recover  ability.*  Fur- 
thermore I  wish  to  say  that  the  statement  of  Bulletin  No.  84  that 
free  benzoic  acid  passes  into  the  urine  after  the  ingestion  of  ben- 
zoate of  soda  is,  in  general,  false  for  moderate  quantities  of  ben- 
zoate ingested,  and  is  based  on  incompetent  chemical  analyses. 
The  alleged  benzoic  acid  was  not  identified  as  such  and  until  chem- 
ical proof  is  advanced  the  negative  conclusions  of  competent 
physiological  chemists  must  be  accepted. 

b .  Formed  elements  of  the  urine.  In  Bulletin  No.  84  consider- 
able attention  is  paid  to  the  microscopical  elements  of  the  urine 

*  Ueber  die  Grenzen  der  Hippursaurebildung  beim  Menschen.^  Arch.  f. 
exper.  Path.  u.  Pharm.j  Iviii,  p.  397,  1908. 

*  The  Fate  of  Sodium  Benzoate  in  the  Human  Orgd^mBm.'^Jour.  Biol. 
Chem.,  vii,  p.  103,  1910. 

*  Bearing  on  the  results  obtained  by  the  writers  of  Bulletin  No.  84  is  the 
description  of  the  method  employed  in  determining  hippuric  acid  (See 
Bulletin  No.  84,  pages  1046  and  1050).  Here  it  is  stated  that  the  urines  were 
**made  alkaline' '  and  were  **  shaken  out  alkaline. '^  The  necessity  for  acidi- 
fying the  extracted  material  was  apparently  wholly  overlooked.  Possibly 
the  poor  results  for  hippuric  acid  are  connected  with  this  blunder. 
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including  crystalline  substances,  epithelial  celb,  leucocytes,  casts, 
cylindroids,  etc.  An  extraordinary  method  of  recording  the 
results  obtained  is  here  employed.  MicroscopicaJ  counts  are  made 
of  the  various  bodies  in  question  and  are  recorded  by  an  arbitrary 
numerical  scale  according  as  there  are  none,  very  few, 
few,  many,  etc.,  present.  These  definite  figures  are  then  added 
and  presented  as  indicating  the  relative  numbers  of  the  formed 
bodies  present  in  the  fore  period,  the  preservative  period,  and  the 
after  periodi  The  precaution  is  even  taken  to  carry  out  the  fig- 
ures to  two  decimal  placesl  Thus  the  relative  occurrence  of  mucous 
cylindroids  was  U1.67,  205.71  and  152.17  for  the  different  periods. 
Such  an  assumption  of  accuracy  is  wholly  misleading  and  unscien- 
tific, when  we  consider  the  data  on  which  such  numerical  compari- 
sons are  based.  The  report  goes  even  further  in  this  ingenious 
direction  and  groups  together  all  the  different  kinds  of  microscop- 
ical bodies  of  the  urine  with  the  statement  that  the  relative  occur- 
rence in  the  three  periods  was  64,4, 75.2  and  59.1.  In  this  enlighten- 
ing report  an  oxalate  crystal  has  the  same  value  as  a  pus  celt  or  cast! 
Under  thisfiimsy  method  the  presumption  is  set  up  of  an  injvrima 
action  during  the  presen)atir>e  period.  Our  observations  give  abso- 
lutely no  basis  for  such  a  conclusion. 

c.  AUmminuria.  In  the  Lucas  paper  we  find  records  of  the 
experiments  made  with  acid  fruits  and  cider.  Benzoate  of  soda  was 
added  in  various  proportions  to  the  acid  fruits  and  to  the  cider, 
nearly  always  in  proportions  far  in  excess  of  any  that  would  be 
justified  for  preservative  purposes.  The  alleged  object  of  these 
experiments  was  to  permit  the  action  of  the  acid  fruits  and  of  the 
cider  to  set  free  the  benzoic  acid  from  the  sodium  benzoate  in 
order  to  determine  the  effect  of  the  free  acid  as  distinguished  from 
its  sodium  salt.  Large  quantities  of  cider  were  taken  at  a  time.  In 
addition  to  various  disorders  of  digestion,  albuminuria  was  reported 
and  the  inference  was  drawn  that  benzoic  acid  acts  harmfully 
upon  the  kidneys. 

The  view  that  free  acids  are  more  toxic  than  their  neutral  salts 
has  long  been  a  common-place  of  toxicology  and  there  is  nothing 
surprising  about  the  fact  that  benzoic  acid  is  both  more  effective 
as  a  preservative  and  as  an  injurious  agent  to  protoplasm  than 
sodium  benzoate.  In  the  Lucas  experiments  quantities  of  benzoic 
acid  were  employed  so  far  in  excess  of  the  quantities  that  would 
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ordinarily  be  ingested  as  a  preservative,  that  it  is  difBcult  for  an 
unprejudiced  student  of  the  question  to  see  what  bearing  such 
experiments  can  have  except  in  deterrainingthe  limit  of  toleration 
That  there  is  a  concentration  and  dose  in  which  benzoic  acid  has. 
an  injurious  irritant  action,  no  one  will  deny.  The  investigations 
of  benzoic  acid  in  my  laboratory  have  yielded  different  reguita  to 
those  reported  in  the  Lucas  paper.  They  show  that  when  consider- 
able quantities  (several  grama)  of  sodium  benzoate  are  taken 
in  a  strongly  acid  medium  for  several  days  there  is  usually  no  sign 
of  albuminuria.  In  one  instance  a  trace  of  albumin  appeared  from 
time  to  time,  during  and  between  the  benzoate  periods.  There 
was  no  evidence  of  cast  formation.  In  this  case  an  expert  cysto- 
scopic  examination  showed  that  this  abnormality  was  referable 
to  an  irritative  condition  in  the  posterior  urethra.  I  have  not  yet 
been  able  to  find  that  renal  albumiauria  results  from  the  use  of 
moderate  doses  of  sodium  benzoate  or  benzoic  acid.  Even  in  a 
caae  where  albuminuria  is  generally  present,  the  taking  of  one  gram 
of  benzoic  acid  in  750  c.c.  of  water  in  ten  minutes  on  an  empty 
stomach  failed  to  be  followed  by  the  appearance  of  albuminuria, 
although  it  had  been  present  a  few  days  before  and  reappeared 
again  after  the  lapse  of  several  days.  The  ability  of  the  organism 
to  neutralize  ordinary  doses  of  benzoic  acid  with  alkali  is  unques- 
tionable. It  is  well  known  that  benzoic  acid  was  formerly  used 
freely  in  bladder  disease  without  causing  injury  to  the  kidney.  The 
injurious  effects  of  ingested  benzoic  acid,  like  other  acids,  fall  on 
the  digestive  tract.  For  this  reason  high  concentrations  of  the 
acid  (above  0,1  per  cent.)  should  be  avoided,  especially  when  other 
acids  are  ingested  at  the  same  time. 

The  readiness  with  which  (according  to  Lucas)  albuminuria 
follows  the  taking  of  benzoate  in  acid  media,  is  also  quite  at  vari- 
ance with  unpublished  experiments  made  by  Dr.  Sherman  of  Col- 
umbia University,  and  by  Dr.  E.  E.  Smith,  They  are  also  in 
opposition  to  the  recent  careful  and  extensive  work  of  Gerlach'  on 
the  action  of  sodimn  benzoate  and  benzoic  acid.  Nevertheless 
I  deem  it  inadvisable  for  some  persons  to  take  several  grams  daily 
of  benzoic  acid  in  an  acid  mediiun,  on  account  of  the  local  irritant 
effect,  and  this  caution  holds  for  acids  in  general. 


i6     Action  of  Sodium  Benzoate  and  Benzoic  i 
Fdrthbr  Comments. 

In  the  Luc&fi  paper  a  wholly  erroneous  impression  is  i 
Ui  the  relation  between  the  preservative  powers  of  b< 
soda  and  it£  toxic  action  when  given  in  acid  food.  One  p 
benzoate  of  soda  is  said  to  be  a  poor  preservative  in  a  i 
weakly  acid  medium  and  it  is  further  stated  that  in  the  pn 
in  which  benzoate  of  soda  is  efficient  as  a  preservalii 
food  materials  it  may  also  be  toxic  in  its  effect  on  man 

No  less  a  bacteriologist  than  Professor  Theobald  S 
shown  that  various  types  of  bacteria  (B.  coU,  paracolon 
proteus)  are  inhibited  by  benzoate  of  soda  in  neutral 
proportions  varj'ing  from  0.3  to  0.5  of  one  per  cent.'  Bi 
soiia  thus  exerts  a  marked  preservative  action  in  cono 
much  less  than  one  per  cent.  Bacteria  are,  in  general,  n 
sensitive  to  acids,  and  benzoic  acid, like  all  other  fairly  str 
is  more  efifective  than  its  neutral  salts.  In  fruit  fooc 
acidity,  such  as  apple  or  apple-butter,  the  fruit  acids  t 
exert  a  strong  anti-fermentative  action  for  most  kinds  ol 
For  this  reason  only  very  low  percentages  of  benzoate  o 
necessary  for  preservation.  When  these  low  proportion 
ployed  (0.15  per  cent,  or  less  of  sodium  benzoate)  the  taste 
acid  is  slight  and  for  many  persons  unobjectionable, 
experiments  no  deleterious  effects  on  the  kidneys  or  on 
could  be  obseri'ed.  Our  subjects  took  as  much  apple- 
ap])le-sauce  as  they  had  appetite  for  (150-200  grama 
butter  daily  corresponding  to  four  times  the  volume 
sauce.)  The  concentrations  of  sodium  benzoate  varied 
per  cent,  to  1.2  per  cent,  in  the  apple-butter.  The  u 
taste  of  benzoic  acid  in  high  concentrations  is  ample  i 
against  its  excessive  use  and  it  is  only  from  large  qua 
high  concentrations  that  any  detrimental  action  is  liabh 

I  have  elsewhere  published  observations  which  show  thj 
benzoate  is  far  from  being  a  powerful  preservative  agei 
callable,  however,  of  servinga  useful  purpose  in  retardingi 
tion,  even  when  used  in  concentrations  muck  helow  those  n 
quite  inhibit  bacterial  growth  in  a  fluid  tnediuni.     This  i 

'  Professur  Smith's  observations,  carried  out  for  the  U.S.  D 
of  .Agriculture,  have  not  yet  been  piifaLBhed. 
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which  should  not  be  overlooked  in  discussing  the  efficiency  of  ben- 
zoates  as  preservatives.  When  used  in  conjunction  with  steam 
sterilization  (as  is  generally  the  case)  this  retarding  effect  on  bac- 
teria (including  reduced  gas  formation)  may  suffice  to  confer 
preservative  value.  There  is  no  evidence  whatever  thai  in  these  low 
concentrations  (0.1  per  cenM.15  per  cent,  )bemoate  of  soda  acts  injur i-- 
ously  on  the  normal  human  organism,  whether  used  in  add  or  neutral 
media,  provided  the  total  quantity  ingested  be  kept  vrithin  reasonable 
limits. 

Two  other  features  regarding  the  general  conclusions  of  the  Lucas  paper 
may  perhaps  be  worth  touching  on.  The  absurd  statement  is  made  that 
after  taking  bensoated  cider  excessive  amounts  of  hippuric  acid  were  e/tmt- 
nated.  It  is  not  clear  what  is  meant  by  excessive  amounts  of  hippuric  acid, 
but  the  implication  that  the  amounts  observed  were  excessive  must  suggest 
an  injurious  action,  of  which  there  is,  of  course,  no  evidence  whatever.  The 
statement  that  when  large  quantities  of  proteid,  fatty  or  alkaline  material 
are  ingested  with  sodium  benzoate  there  is  a  diminution  of  the  toxic  action 
of  the  drug,  is  of  course,  a  truism.  It  is  unfair  to  base  practical  conclu- 
sions on  the  study  of  the  action  of  benzoic  acid  on  an  empty  stomach,  since 
when  taken  as  a  food  preservative  the  benzoate  must  always  be  present 
together  with  food.  The  presence  of  carbohydrates,  or  fruit  substances, 
helps  to  protect  the  stomach  against  the  injurious  action  of  any  substance 
which  in  excessive  quantities  acts  as  an  irritant. 

I  desire  also  to  call  attention  to  the  following  facts: 

a.  The  toxic  action  of  sodium  chloride  to  living  animal  protoplasm  is 
greater  than  that  of  sodium  benzoate.  (I  have  shown  this  for  tadpoles; 
Gerlach  has  shown  it  for  the  mammalian  heart.) 

6.  The  human  organism  is  provided  with  a  fundamental  mechanism  for 
disposing  of  benzoic  acid  in  a  physiological  manner.  The  powers  of  the 
mechanism  are  far  in  excess  of  the  ordinary  requirements  of  the  human 
organism,  including  even  the  disposal  of  benzoates  in  preservatives. 

c.  The  amount  of  energy  required  to  couple  benzoic  acid  with  glycocoU 
to  hippuric  acid  is  extremely  small,  the  indications  being  that  this  synthesis 
is  an  enz3rme  reaction.  Likewise  the  amount  of  glycocoll  required  to  pair 
a  few  grams  of  benzoic  acid  daily  to  hippuric  acid  is  insignificant  in  relation 
to  the  total  nitrogenous  metabolism  of  the  body. 

d.  There  is  as  yet  no  evidence  that  the  organism  is  better  off  for  main- 
taining the  lowest  possible  hippuric  acid  output,  than  for  maintaining  a 
somewhat  higher  level  of  physiological  activity. 

e.  Decayed  foods  are  not  improved  by  the  addition  of  benzoates,  except 
in  the  sense  that  fermentation  may  be  checked  in  part.  The  effect  is  like 
that  of  steam  sterilization,  only  less  efficient.    The  color  of  vegetable  foods 
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ia  Dot  affected  by  adding  benzoaUis,  for  ia  a  neutral  medium  the  acid  effect 
IB  lacking,  and  ia  an  acid  medium  the  fruit  acids  suffice  to  maintain  color. 
Decay  in  foods  may  be  checked  by  benzoates,  but  their  inferiority  in  con- 
eistonce,  histologioal  structure,  etc.,  cannot  be  masked. 

The  conclusions  of  the  Referee  Board  with  regard  to  the  action 
of  sodium  benzoate  are  in  accord  with  the  best  investigations  on 
this  subject.  Anyone  who  wishes  to  know  what  very  large  doses 
of  soduim  benzoate  and  benzoic  can  be  taken  without  injurious 
effect  should  consult  the  paper  of  Lewinski'  and  the  still  more 
recent  careful  studies  of  Gerlach'.  There  is  no  soluble  substance 
that  can  be  taken  into  the  digestive  tract  which  does  not  possess 
toxic  properties  in  some  degree  when  given  in  sufficiently  large 
quautities  or  concentrations.  Benzoates  and  benzoic  acid  are,  of 
course,  no  exceptions  to  this  general  rule. 

The  government  can  safely  be  guided  in  its  regulations  by  the 
conclusions  of  the  Referee  Board  and  this  holds  true  despite  the 
fact  that  someone  may  occasionally  bring  on  himself  injurious 
consequences  from  the  gormandizing  and  greatly  excessive  use  of 
articles  of  food  preserved  by  the  use  of  benzoate  of  soda  or  benzoic 
acid.  Certain  dyspeptic  people  who  ought  to  avoid  fruits  and  acids 
in  general  ought  probably  also  to  avoid  food  containing  free  beneoic 
acid,  just  as  they  should  avoid  vinegar  or  spice,  or  even  the  tree 
use  of  salt.  This  consideration,  however,  does  not  alter  the  fact 
that  benzoate  of  soda  used  as  a  food  preservative  is  singularly 
lacking  in  harmful  effects  on  the  human  organism  and  that  ill 
effects  from   its  reasonable  use  have  not  yet  been  demonstrated- 
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During  the  past  year  I  have  been  enjraged  in  experiments 
designed  to  determine  the  influence  of  certain  kinds  of  food  upon 
the  bacterial  flora  of  the  intestine.  These  experiments  have  been 
carried  out  mainly  upon  Rhesus  monkeys  and  to  some  extent  on 
human  beings  and  kittens.  Some  of  the  results  obtained  have 
already  been  reported  very  briefly  by  my  associate,  Dr.  A.  I.  Kendall, 
and  are  about  to  be  published  in  extenso  in  a  paper  by  myself 
and  Dr.  Kendall.  I  propose  here  to  give  a  statement  of  the 
latest  results  deducible  from  our  studies,  without  entering  into 
full  details.  These  results  appear  to  me  to  be  significant  for  the 
physiology  of  the  digestive  tract  and  it  appears  likely  that  they 
find  application  in  certain  therapeutic  endeavors  to  modify  the 
bacterial  flora  under  pathological  conditions  in  man. 

In  our  studies  we  employed  well-defined  if  not  extreme  types 
of  food  and  made  use  of  abrupt  alternations  in  these  different 
types.  For  example  in  our  experiments  on  kittens  an  exclusive 
meat  diet  was  employed  for  a  period  of  one  or  two  weeks  and 
was  then  suddenly  replaced  by  a  diet  of  milk  to  which  ten  grams 
of  dextrose  was  added  daily,  thus  substituting  a  dominant  protein 
diet  for  one  in  which  carbohydrates  preponderated.  Similar  ex- 
periments were  made  on  man,  though  in  somewhat  less  extreme 
form.  In  the  experiments  on  monkeys  the  protein  diet  was 
"^presented  by  hard  boiled  eggs  from  which,  after  a  period  of 
16    to    two  weeks,    an   abrupt    change  was  made  to  a  diet  con- 
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si  of  milk  to  whicb  dextrose  was  added  to  the  ext«nt  of  ten 

grams  or  somewhat  more  daily.  After  a  period  of  one  to  two 
weeks  on  the  dextrose-milk  diet  there  was  an  abrupt  return  lo 
the  diet  of  hard  boiled  eggs. 

These  experimental  alternations  in  diet  were  found  to  be 
followed  by  delinite  and  consistent  cbanges  in  physiological  cod- 
ditioDs  in  three  distinct  directions;  (A)  in  the  nature  of  the  in- 
testinal bacterial  flora;  (B)  in  the  putrefaeiive  products  of  the 
feces  and  the  urine;  (C)  in  the  clinical  conditions. 

A.   The  nature  of  inal  bitctorinl  flora. 

The  ebicf  characti  ucterial  Hora  on  a  diet  which 

is  dominanlly  protein    in  e  development   of  a  strongly 

proteolj'zing    type    of    bac  ■         isms.     This  is  shown  by  the 

fact    that    the  mixed  fecal        -a  such  a  diet,    whether  in  the 

case  of  man  or  monkey  or  cat,  i  sntains  a  high  proportion  of 
bacteria  capable  of  proteolyzing  i  in  actively  and  of  liquefying 
gelatin.     The  organisms  have  n  .  studied  in  the  fullest  detail 

individually,  but  by  means  of  ti  ual  plating  procedures  it  has 
been  possible  to  show  that  oii  irotein  diet  there  is  a  large 
proportion  of  organisms  which  may  sg  classed  in  the  B.  subtilis 
group  and  which  we  niuy  designate  as  subtiloid  in  character.  It  is 
doubtless  to  these  that  the  active  proteolyzing  action  of  the  mixt'd 
fecal  hacieri:!  is  largely  due.  ('areful  studies  were  made  in  the 
case  of  the  monkeys  upon  the  influence  of  the  protein  diet  on  orga- 
nisms of  the  i>.  acrogenes  capsulatus  {B.  perfringens)  type. 
It  was  found  impossible  (in  the  cases  examined)  to  demonstrate  the 
presence  of  organisni.s  of  this  type  in  monkeys  fed,  even  for  a 
long  period,  excluHvely  on  eggs.  In  kittens,  on  the  other  hand,  and 
in  m;tn  organisms  of  this  type  were  regularly  detectable  and  may 
biive  hud  a  part  in  the  proteolvzing  action  to  which  reference  has 
been   nia.l.'. 

A  secmid  omeworliiy  fact  rcluting  to  the  action  of  the  mixed 
fceal  bacleria  on  the  protein  diet  is  that  the  organisms  possess 
the  power  of  forming  an  abundance  of  gas  in  dextrose  bouillon, 
lactose  bouillon  and  saccharose  bouillon.  On  twenty-four  hours' 
sojourn  in  the  incubator  at  body  temperature  the  percentage  of 
gas  in  the  closed  arm  of  the  fermentation  tube  may  amount  to 
sixty  or  eighty  or  even  ninety  per  cent.  This  is  a  very  characte- 
ristic property    of   the  flora    upon  a  protein  diet.     Its  explaoation 
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I  as  yet  not  entirely  clear.     It  does  not  depend  on  the  typos  of 
lacteria  which  have    been  mentioned,    since    in    the    case    of  the 
lonkey    the    subtiloid  organisms  (producing  little  or  no  gas)    are 
Biiot    associated    with  B.  aerogenes  capsulatus.     This  high  gas 
pTormation    seems    due    to  a  peculiar    symbiotic    condition    of    the 
icteria    which    we  have    been  unable    as  yet  to  reproduce  satis- 
factorily in  an  experimental  way. 

On  changing    from   the  protein    to  the  carbohydrate    diet  the 
iactcria  undergo  pronunced  changes  which  result  in  a  gradual  bat 
hrapid  and  definite  substitution  of  an  acidophilic,  feebly  proteolyzing 
»pe    of    flora    for  a  strongly    protoolyzing    type.     Just    after  the 
jininial  is  changed  from  protein    to  carbohydrate  there  develops  a 
ransitional  flora  characterized  by  two  noteworthy  Teatures,  first  a 
id«cline  in  the  size  of  the  bacteria  and  an  impaired  ability  to  take 
usual    stains.      Evidences    of    degeneration    are    seen    in    the 
l>actcria,    particularly  vacuolization.     In  some  instances  spore  for- 
mation   has    been    observed.     Marked  irregularities    in  distribution 
the  various    organisms    occur   and    are  apparently    due  to  the 
kotagonism    which    has  arisen  between    tlie  outgoing  protein  flora 
tad   the    incoming    carbohydrate    flora.     As    the  latter   gradually 
[tiecome  dominant,    the  Gram  stained  Gelds,  which,  on  the  protein 
were    heterogeneous    in    appearance,    tend    to    become  more 
Shomogeneous  and  the  most  prominent  organisms  are  Gram-positive 
Ms  thinner    than  those  noted  on  the  protein  diet    and  somewhat 
These   rods    are    so    abundant    that    the    fields    resemble 
rikiugly  those  of  normal  nurslings.      Cultural  investigations  have 
■hown  that  these  organisms  are  in  reality  allied  to  those  characte- 
listic   of  normal   nurslings.     A  largo  proportion  of  the  organisms 
l^resent    in  the  established  dextrose-milk    feces  have  the  power  of 
■owing   in  broth    of  a  high  grade  of  acidity;    they  are,    in  fact, 
bcidophilic    bacteria.     These    bacteria    grow    relatively   poorly    on 
lentral  plain  broth.    The  mixed  flora  on  this  diet  of  carbohydrate 
and    milk    have    little    or  no  proteolyzing  action    thongh  they  are 
<;apablo    of   growing    slowly    in  milk    and   of  inducing  coagulation 
slowly.      These    organisms    also    grow    very    scantily    in    gelatin, 
nrhich    the    acidophilic    bacteria    do  not  liquefy.     The    few   lique- 
Kjring    colonies    sometimes    seen  consist  of  tJie  proteolytic  bacteria 
^Kmaining  over  from  Ihe  protein  period. 

B-       The  mixed    fecal  flora    from    the  carbohydrate    dextrose  milk  ■ 
■{ctproduce    very    little   gas    in    the  sugar  bouillon  rerrM|||||a|fl 
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tubes.  Such  fermentation  tubes  may,  indeed  show  a  complete 
absence    of  gas    production.     The  reason    for  this  appears    to  be 

the  dominance  of  the  acidophilic,  non-gas-producing  forms  which 
crowd  out  the  few  rtrnaining  representatives  of  the  gas-forming 
bacteria  present  in  the  protein  period. 

It  should  be  said  that  the  results  obtained  in  the  case  of 
man  have  been  less  pronounced  as  regards  the  extreme  alternations 
from  proteolytic  to  acidophilic  flora,  although  the  changes  observed 
were  of  the  same  general  character.  The  ^a^iatto^s  in  gas  pro- 
duction were  also  much  less  extreme  than  those  which  were  ob- 
served in  the  animal  experime  The  reason  for  this  is  perhaps 
to  be  found  in  the  fact  that  it  was  not  practicable  in  the  case  of 
man  to  carry  on  such  extreme  types  of  feeding  as  in  the  case  of 
the  animals. 

B.   Pntrefactive  produots  of  the  feces  and  the  urine. 

A  well  marked  feature  of  the  protein  diet  is  the  occurrence 
of  neutral  or  alkaline  stools  containing  products  of  putrefaction 
of  known  composition.  These  products  include  indol,  skatol, 
phenol  and  aromatic  oiyacids.  They  also  include  indolacetic  acid 
whicli  I  have  found  in  the  case  of  man  to  be  very  definitely  in- 
creas'-'d  both  in  Ibe  intestinal  contents  and  in  the  urine  throuiih 
the  use  of  a  dominantly  beef  diet.  In  monkeys  on  an  egi;  diet 
no  indolacetic  acid  was  detected,  cither  in  the  intestinal  conients 
or  in  the  urine. 

Anollirr  pntduct  of  putrefaction  regularly  present  in  the  fece.s 
im  a  protein  diet  is  hydrogen  sulphide;  thai  is  to  say  it  is  possihle 
to  liberal'-  hydriigen  .sulphide  from  the  feces  through  the  addition 
of  liuiioi'hloric  acid.  The  amount  of  hydrogen  sulphide  bound 
in  the  [ecc-j  is  very  much  smaller  on  the  dextrose-milk  diet  than 
on  the  oLfat  diet  or  the  pgu,  diet,  although  there  may  not  be 
much  dilTercnce  in  the  actual  amount  of  protein  intake  in  the  I  wo 
ca.si's.  Tlie  indol,  skatol  and  phenol  are  regularly  greatly  decreased 
in  the  feces  by  the  transition  fnun  the  protein  diet  to  the  dexlrn-se 
milk  diet.  It  was  fre(|iicntly  impossible,  in  fact,  to  obtain  evi-n 
traces  of  ihesi-  sub.stances  during  the  dextrose  milk  period.  AVhollv 
in  accord  with  these  results  is  the  fact  thai  the  indican  and  thf 
aromatic  o\yacids  of  the  urine  are  markocUy  diminished  during 
the  dextrose  milk  diet  and  may,  in  fact,  become  undetectable. 
The  dilution   of  the  urine    on  a  milk   diet   is    in  part  responsible 
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>  lesser  concentration  of  tlie  putrefactire  substances  but 
qdIv  in  part.  It  is  easy  to  show  that  there  is  an  absolute  marked 
decrease  in  the  amounls  of  these  substances  present  on  the  dex- 
trose-milk diet. 

C.  Clinical  conditions. 
The  clinical  conditions  have  been  perhaps  most  significant  in 
;tho  case  of  the  experiments  upon  monkeys  where  we  were  able 
to  feed  exclusively  on  hard  boiled  eggs  for  considerable  periods 
of  time.  In  these  animals,  as  the  proteolytic  bacteria  become 
dominant  in  tliC  alimentarj'  canal,  a  state  of  drowsiness  deFelops. 
Tbe  animal  rests  on  its  perch,  holding  its  head  in  its  hands.  It 
■grows  stupid  and  responds  poorly  to  outside  stimuli.  It  shows 
leas  interest  in  its  food  and  in  general  shows  but  little  interest  in 
its  surroundings.  The  animai,  even  after  a  hearty  meal,  some- 
times spends  considerable  time  in  biting  the  woodwork  of  its 
cage.  As  the  diet  is  changed  to  dextrose-railk  both  the  psychical 
and  physical  attitude  of  the  animal  undergo  a  marked  change. 
The  monkey  no  longer  holds  its  head  in  its  hands;  the  posture 
becomes  erect  and  the  usual  brightness  and  alertness  return.  The 
*yes  lose  their  dull  appearance  and  become  bright.  The  animal 
Iso  ceases  to  chew  Ihe  woodwork  of  its  cage.  The  development 
[  the  lirst  group  of  symptoms  just  described  when  the  animal  is 
put  back  on  the  egg  diet  is  so  striking  a  feature  that  it  cannot 
fail  to  impress  the  observer.  It  seems  safe  to  conciude  that 
after  a  variable  period  on  the  egg  diet  (ordinarily  about  a  week) 
the  animal  becomes  distinctly  uncomfortable  and  loses  its  sense 
of  well-being.  The  manner  in  which  it  sits  holding  its  head  in 
hands  with  rlie  head  bowed  down  is  an  apparent  indication  of 
both  mental  and  physical  distress.  In  some  monkeys  these 
symptoms  of  depression  are  relatively  slight,  but  they  are  seldom 
absent  if  an  abundant  diet  of  egg  be  consumed  over  a  period  of 
one  or  two  weeks. 

I  am  strongly  disposed  to  regard  the  symptoms  observed  on 
the  protein  diet  as  signs  of  intoxication  brought  about  through 
excessive  and  unbalanced  use  of  protein.  It  seems  probable 
that  this  intoxication  is  facilitated  by  the  presence  of  the  actively 
proleotyxing  bacteria  which  I  have  described  as  characteristic  of 
the  protein  period  of  diet.  Even  in  cats  the  signs  of  clinical 
differences  on   the  Iwo  diets  are  not  wanting,    iilthough  here  there 
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I  am  anable  as  yet  to  state  to  what  extent  the  facts  noted 
can  be  applied  to  pathological  conditions  in  man.  It  is  not  likely 
that  they  are  directly  applicable,  and  it  is  doubtless  true  that 
varied  researches  would  have  to  be  undertaken  to  decide  in  what 
way  the  typical  adaptations  which  I  have  here  sketched  are 
modified  by  the  existence  of  inflammatory  conditions,  bacterial 
infections  or  other  patholo^cai  states. 

Resume. 

Kin  Wechsei  in  der  Diat,  wie  z.  B.  der  Uebergang  von  einer 
vornehmlich  aus  Eiweiss  bestehenden  Kost  zu  einer  solchen,  vor- 
nehmlich  aus  Kohlehydraten  bestehenden,  hat  allemal  drei  ver- 
schiedene  Folgen,  die  sich  beziehen  auf:  a)  Veranderungen  in  der 
intestinalen  Bakierienflora,  b)  Veranderungen  in  den  Faulnis- 
produkten  in  IJrin  und  Fazes,  c)  Veranderungen  in  den  klinischen 
Erscheinungen. 
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Observations  on  Intestinal  Infantilism. 

By 
Christian  A.  Herter  (N«w  Yorkt. 

I  ili'siri-  ln'ri-  li)  call  atleiilioii  Ti>  a  Ibrni  of  intostinat  disorder 
associated  with  arrfst  of  development  which  has  as  yet  harJiy 
received  the  altention  which  it  deserves.  For  more  then  twelve 
years  I  liave  been  aware  {if  the  existence  of  the  type  of  disease 
til  which  I  refer,  hut  it  is  only  recently  that  I  have  had  an 
opportunity  to  work  carefully  at  the  palhalogifai  conditions  involved. 
So  far  as  I  am  aware,  the  cnaditinn  of  intestinal  infantilism  had 
aot  hcen  recognized  iivS  a  pathological  entity  by  English  or  American 
investigators  previous  to  my  publication  1908').  In  Germany,  how- 
t'verj  a  (.■omiitiiin  of  disease  in  children  has  apparently  ^t'^n  clearly 
recognized  for  many  years  by  Professor  Heubner*)  of  Berlin, 
although  he  did  not  publish  on  the  subject  until  about  the  time 
of  my  own  publication.  It  seems  probable,  also,  that  some  of  the 
cases  imperfectly  described  by  Schiitz*)  are  of  the  same  nature  as 
those  described  by  me  under  the  name  of  intestinal  infantilism 
and  by  Ileubner  under  the  name  of  severe  intestinal  insuffi- 
ciency in  children  above  the  age  of  nurslings. 

It  is  not  my  intention  to  enter  into  anything  like  a  full 
description  of  intestinal  infantilism  in  this  place,  but  rather  to 
briefly  slate  the  leading  characteristics  of  the  disease,  which  stamp 
it  as  a  definite    pathological    entity,    and    furthermore    to    discuss 
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1)  On  Inruntili.^m  from  Chronic  Intestinal  InfectiOD.  The  Hacmillaii  Co. 
IMS.  Translated  also  into  German  by  Dr.  Ludwig  Schweiger.  Frans 
Deuticke.    Leipzig  u.  Wien.    1909. 

2)  Uober  schwere  VerdauungsinsuflizieDZ  beim  Kinde  Jenseits  des  SSag- 
liDgsalters.    Jahrb.  f.  kinderbeilk.    LXX.    S.  667.    1909. 

3)  Chroniscbe  Magendarm •  Dyspepsie  im  Kindesallcr.  Jahrb.  (.  Kindei- 
beilkonde.    LX.    S.794.   \905. 
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Sonne    special    features    about    which    there    exists  a  difference    of 
opinion  between  Professor  Heubner  and  myself. 

The  condition  of  intestinal  infantilism  has  its  beginning  usually 
in  the  second,  third  or  fourth  year  of  life  and  may  have  its  onset 
in  acute  or  subacute  catarrh  of  the  intestine  and  an  enterocolitis; 
or  it  may  perhaps  develop  insidiously  and  without  deflnite  warning. 
It  is  doubtless  correct  to  regard  the  disease  in  its  fully  developed 
form  as  a  rare  one,  although  it  must  be  true  that  in  a  large  country, 
like  the  United  States,  a  considerable  number  —  probably  many 
hundreds  —  of  instances  exist.  Without  making  any  special  effort 
to  bring  to  light  a  large  number  of  these  cases,  I  have  now  ob- 
served ten  of  them,  and  I  know  of  a  number  of  other  instances 
in  the  practice  of  my  colleagues  which  are  almost  certainly  of  the 
same  nature  as  those  which  I  have  studied.  The  circumstance 
that  the  disease  is  nearly  always  seen  among  the  children  of  well- 
to-do  persons  is  probably  to  be  explained,  as  suggested  by  Professor 
Heubner,  on  the  supposition  that  the  less  well  protected  children 
of  the  poorer  classes  do  not  long  survive,  if  they  develop  this 
disease. 

In  every  case  that  has  come  under  my  observation  there  has 
been  a  history  of  periods  of  disturbed  nutrition  with  loss  of  weight 
alternating  with  periods  of  improvement  in  nutrition  and  gain  in 
weight.  These  variations  ended  in  each  case  in  a  state  in  which 
there  was  apparently  a  complete  arrest  of  the  developmental  pro- 
cesses. Although  the  most  obtrusive  signs  of  digestive  disturbance 
such  as  diarrhoea  and  flatulence  were  in  many  instances  measurably 
controlled  by  suitable  treatment,  there  yet  remained  an  arrest  of 
growth  and  the  utmost  difficulty  was  experienced  in  bringing  about 
any  noteworthy  increase    in  weight   and  improvement  in  nutrition. 

I  have  divided  the  clinical  characteristics  of  intestinal  infan- 
tilism into  two  groups  —  a  major  and  a  minor.  In  the  group  of 
major,  or  essential  clinical  features  are  1.  arrest  in  the  development 
of  the  body;  2.  various  obtrusive  disturbances  referable  to  the 
intestinal  tract,  especially  large,  characteristic  fatty  stools;  3.  marked 
abdominal  distension,  due  to  dilatation  of  the  colon  and  the  accu- 
mulation of  gas;  4r.  the  rapid  onset  of  physical  and  mental  fatigue, 
the  former  being  associated  with  flaccidity  of  the  muscles;  5.  the 
development  of  a  moderate  grade  of  anaemia;  (i  the  maintenance 
of  a  good  grade  of  mental  power  and  fair  physical  development 
of  the  brain,  as  indicated  by  the  size  and  shape  of  the  skull.    As 


i  A.  Ilerter, 

cjiamplcs  of  Uie  physical  arrest  of  deveiopmeot  I  may  instance  om 
of  my  patients  wlio  at  seven  years  weighed  only  twenty-five  pound! 
anil  had  a  height  of  only  thirty-six  inches,  and  also  another  casi 
ill  which  the  patient—  a  boy —  though  sixteen  years  ol  age  weighed 
only  forty-four  pounds  and  had  a  heiglit  of  only  forty-thrt-e  inches. 
Tlie  character  of  the  intestinal  disturbance  varies  somewhat 
ilifferenl  instances  btit  Ihc  orcurrenee  of  abundant  soft  stools  cr 
taining  an  excess  of  neutral  fat  and  an  abundance  of  soaps 
calcium  and  magnesium  is  characteristic.  The  movements  are  not, 
however,  always  of  this  character  in  the  same  case  but  show  con- 
siderable variation,  with,  however,  a  strong  tendency  for  the  cba- 
rafiteristics  just  described  to  recur  at  short  intervals.  The  excess 
of  fat  is  often  siiflicienlly  great  to  constitute  a  condition  of  true 
steatnrrhoBa,  if  thorfiby  wc  imply  a  loss  of  fat  serious  to  nulrition. 
I'ronounced  watery  diarrhoeal  attacks  occur  in  some  instances  hii 
I  think  they  may  be  said  to  be  comparatively  rare,  in  one  ol 
my  cases  there  was  no  history  whatever  of  diarrhoea  in  the  nrdi- 
nary  sense,  although  the  vohmiinous  gas-  and  fat-holding  stools  were 
ji  feature  which  existed  in  alternation  with  constipation  and  appa- 
rently nearly  normal  movements.  During  the  time  when  the  cha- 
racteristic voluminous  stools  are  obtrusive  the  patients  are  in 
especially  poor  condition  and  show  a  loss  of  weight  together  wilh 
disturbances  in  peripheral  circulation,  which  are  shown  by  cold 
hands  and  feet  and  a  pinched  and  sometimes  cyanotic  appcarence 
in  the  face.  These  disorders,  though  often  of  short  duration,  may 
cause  a  good  deal  of  prostration  and  in  severe  cases  the  patients 
are  so  much  enfeebled  as  to  get  about  only  with  greatly  increased 
difficulty.  When  the  diarrhoea  ceases  there  is  a  tendency  to  rapid 
recovery,  although  a  loss  in  weight  of  half  a  pound  or  a  pound 
sull'ered  during  a  few  days  of  pronounced  digestive  disturbance 
may  not    be  regained  for  several  weeks. 

Among  the  minor  or  accessory  clinical  features  which  iiave 
been  observed  by  me  in  intestinal  infantilism  arc  to  be  included 
slight  indications  of  rickets,  excessive  sweating  abont  the  head 
during  sleep,  irregularities  of  appetite  which  is  sometimes  excessive, 
increased  thirst,  increased  volume  of  urine  and  various  signs  of 
nervous  instability.  A  subnormal  temperature  with  cold  and  pale 
hands  and  feet  may  commonly  be  observed.  The  skin  is  apt  to 
be  dry  and  rough,  but  this  latter  manifestation  is  one  that  is 
corrigible  by  means  of  suitable  bathing  and  rubbing.     The  tongue 
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is  apt  to  be  somewhat  more  red  than  normal  and  the  papillae 
swollen  but  there  is  no  tendency  to  the  development  of  "geogra- 
phical tongue''.  The  entire  tongue  may  be  slightly  swollen  and  may 
present  indentations  from  the  teeth. 

Considerable  time  has  been  devoted  to  the  study  of  the  bac- 
terial flora  of  the  intestine  in  cases  of  infantilism  of  the  type  under 
consideration.  As  a  result  of  these  studies  it  becomes  evident  that 
it  is  necessary  to  distinguish  between  the  conditions  present  during 
what  one  may  call  the  active  stage  of  the  disease  and  those 
present  in  the  later  stages.  Under  the  latter  conditions  where  the 
abnormal  processes  have  lasted  for  a  long  period  of  time  —  say 
eight  or  ten  years  —  the  bacterial  conditions  may  show  nothing 
characteristic  or  definitely  pathological  despite  the  fact  that  there 
exists  a  great  arrest  of  development.  On  the  other  hand  if  we 
study  our  patients  during  the  active  period  in  which  the  characte- 
ristic disturbances  of  digestion  occur,  we  can  count  on  meeting 
types  of  bacterial  flora  which  so  far  as  I  am  aware  we  do  not  meet 
in  the  same  numbers  and  combinations  either  in  normal  conditions 
or  in  other  disorders  of  digestion.  The  methods  of  study  which 
have  proved  most  serviceable  in  this  investigation  have  been  the 
study  of  the  Gram -stained  fecal  fields;  second,  the  study  of  the 
sediments  of  the  saccharose,  lactose  and  dextrose  bouillon  and  plain 
bouillon  fermentation  tubes  after  inoculation  with  the  mixed  fecal 
flora:  and  third,  a  variety  of  aerobic  and  anaerobic  cultural  proce- 
dures involving  the  use  of  many  kinds  of  media  made  necessary 
by  the  difficulty  of  growing  certain  species  of  bacteria  on  ordinary 
media.  A  striking  feature  in  well-marked  cases  is  the  preponde- 
rance of  Gram-positive  microorganisms.  Study  showed  that  the 
organisms  in  question  corresponded  to  the  B.  bifidus  of  Tissier, 
the  B.  acidophilus  of  Moro  and  a  hitherto  apparently  undescribed 
organism  which  we  have  called  B.  infantilis.  It  is  not  my  inten- 
tion here  to  enter  into  a  detailed  description  of  the  flora  found  in 
cases  of  intestinal  infantilism.  It  will  suffice  to  indicate  certain 
special  points  which  it  seems  desirable  to  emphasize. 

The  presence  of  B.  bifidus  in  the  intestinal  contents  of  our 
cases  of  infantilism  is  indicated  in  part  by  a  study  of  the  sediments 
of  the  sugar  bouillon  fermentation  tubes.  The  inoculation  of  the 
mixed  flora  into  the  sugar  bouillon  fermentation  tubes  leads 
commonly  to  an  abundant  or  more  scanty  growth  of  bifid  organisms 
which    can    be    shown  to  have  all  the  morphological  and  cultural 


characi eristics  of  the  orgnnism  first  deambed  by  Tissier.  It  is 
oot  possiblt:  to  state  tu  what  esteQl  Iho  intestinal  contents  may 
consist  of  B.  bifidus  vihich  exists  there  only  seldom  in  the  liilid 
form  and  generally  in  the  form  of  plain  rods  with  narrow  or 
pointed  ends.  The  organism  which  we  have  named  B.  infantilis 
is  prohably  present  very  abundantly  m  most  or  all  cases  of  welt 
developed  intestinal  infantilism.  It  occurs  as  a  Gram-positive 
rod,  agreeing  closely  in  sv/.q  with  the  plain  form  of  Tissier's 
B.  bifidus.  It  is  not  lUear  that  it  dilTers  materially  from  ihc  latter 
in  any  morphological  characters.  The  organism  has  the  peculiarity 
of  growing  aerobically  on  suitable  media  and  forming  spores.  Many 
cultures  have  the  further  peculiarity  of  forming  a  pellicle  from 
wliicli  may  be  extracti-d  a  mucinous  and  possibly  also  a  fntly 
mati^rial. 

I  cannot  pass  over  wilhotit  comment  the  strong  possibility  of 
a  relationship  between  our  B.  infantilis  and  an  organism  very 
recently  studied  and  described  by  H.  Nognchi^)  as  a  phase  of 
B.  bifidus.  Noguchi,  starting  with  branching  organisms  apparently 
of  the  biflJus  typo,  suceedod  in  cultivating  an  aerobic,  spore-forming, 
pelliole-producing  culture  which  corresponded  very  closely  in  det^ls 
to  our  B.  infantilis.  By  a  gradual  training  of  these  organisms 
to  anaerobic  life,  Noguchi  was  able  to  brinj;  about  a  coinplcli.' 
reversion  of  the  aerobic  phase  of  tliis  bacillus  into  an  anaerobic 
phase  —  results  which  one  would  be  inclined  to  regard  as  almost 
unbelievable  excepting  when  occurring  in  the  experience  of  so  highly 
trained  and  experienced  a  technician  as  Dr.  Noguchi.  These 
results  he  obtained  by  cultivating  the  bacillus  semi-aerobieally  and 
then  abni])(ly  diminishing  the  quantity  of  oxygen  after  three  or  four 
successive  cultures.  The  details  of  this  reversion  as  described  by 
Dr.  Noguchi  will  well  repay  study.  Not  the  least  interesting 
conclusion  drawn  by  Dr.  Noguchi  is  that  B.  bifidus  of  Tissier 
corrcspond.s  in  its  aerobic  phase  with  B,  mesentericus  (fuscus). 
Noguchi  calls  attention  to  the  fact  that  B.  mesentericus  is  one 
of  the  most  widespread  saprophytes  and  is  constantly  found  on 
the  surface  of  the  skin.  He  considers  the  only  source  of  B.  mesen- 
tericus, that  is  so  say,  bifidus,  in  the  stools  of  breast-fed  infant? 
to  be  Iho  breast  itself. 
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I)  Pleomorphism  ao^  Pleobiosis  of  Bacillus  BiGdas  Comi 
Kspev.  Med.   XII.  p.  182.   1910. 
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I  am  not  disposed  to  doubt  the  validity  of  these  conclusions 
of  Dr.  Noguchi  which  may  prove  of  considerable  practical  importance 
in  the  interpretation  not  only  of  the  flora  of  intestinal  infantilism 
but  of  the  intestinal  tracts  of  young  children  in  general.  Dr.  Ken- 
dall was  inclined  to  class  B.  infantilis  with  the  Subtilis  group 
rather  than  with  B.  mesentericus  but  it  is  perhaps  true  that  the 
very  slight  degree  of  liquefying  power  observed  in  this  organism 
would  make  it  more  appropriate  to  class  our  organism  in  the  Mesen- 
tericus group  than  in  the  Subtilis  group.  The  chief  difficulty  which 
I  sec  in  an  agreement  of  our  results  with  those  of  Noguchi  is 
that  ]}.  infantilis  exhibits  so  few  characteristics  of  abilitv  to  induce 
even  slight  putrefactive  decomposition  with  formation  of  indol, 
hydrogen  sulphide,  etc.  If  it  should  prove  to  be  the  case,  as 
seems  to  be  probable,  that  B.  infantilis  represents  simply  one 
phase  of  B.  bifid  us  and  that  both  these  organisms  are  essentially 
members  of  the  Mesentericus  group,  it  will  not  merely  clear  up 
some  puzzling  features  in  the  bacteriology  of  the  digestive  tract 
but  will  emphasize  still  more  strongly  than  I  have  been  able  to  do 
the  great  numerical  importance  of  B.  bifid  us  in  cases  of  intestinal 
infantilism.  I  have  suggested  that  in  our  cases  of  infantilism 
perhaps  the  most  striking  feature  is  the  persistence  of  bacteria 
characterizing  the  infantile  period  of  life,  into  a  period  extending 
many  years  beyond  this.  The  work  of  Noguchi  seems  to  me  to 
help  to  substantiate  the  correctness  of  this  view. 

Besides  the  bacterial  features  mentioned  th^re  are  two  others 
which  deserve  a  passing  word.  First,  coccal  forms  are  sometimes 
very  abundant.  Their  numbers,  however,  vary  a  good  deal  in  the 
same  case  at  different  times.  They  are  commonly  Gram-positive 
and  the  diplococci  and  coccal  bacilli  may  correspond  closely  in 
morphology  and  cultural  characteristics  to  the  enterococcus  of 
Thiercelin  or  the  Micrococcus  ovalis  described  by  Hirsch- 
Libmann.  The  relation  of  these  organisms  to  the  others  in  the 
digestive  tract  is  not  yet  clear.  The  second  point  which  I  would 
mention  is  that  in  well-marked  cases  of  infantilism  the  organisms 
of  the  B.  coli  group  may  be  wholly  deficient  in  the  stools  or  present 
only  in  very  small  numbers.  This  is  a  peculiarity  which  is  certainly 
noteworthy  in  children  beyond  the  infantile  period  of  life.  A 
phase  of  this  peculiarity  to  which  I  attach  considerable  importance  is 
the  reappearance  of  organisms  of  the  B.  coli  type  coincident  with  the 
gradual  recession  of  organisms  of  the  Bifidus  and  B.  infantilis  types. 
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A.  Horler, 

In  my  original  puhlicalion  on  infaotilisiB  I  pointed  out  ttiat 
the  two  leading  features,  distinct  but  related,  of  intestinal  infan- 
tilism which  must  be  considered  in  any  mdeavcir  to  picture  (ho 
morbid  processes  on  which  the  clinical  manifestations  depend  are. 
first,  extreme  retardation  in  the  general  bodily  development,  and 
seciindly,  (Iir  statf  of  intoxication  which  manifests  itself  in  well 
marked  derangements  of  the  neuro- muscular  system.  As  regards 
the  retiirdation  of  development  I  think  1  have  been  able  lo  bring 
forward  sufricient  evidence  to  sopport  the  contention  thai  the 
arrested  growth  can  be  explained  by  the  inability  of  the  organism 
to  secure  an  adequate  supply  of  nutrient  material  from  the  contents 
of  the  digestive  tract.  Careful  balances  indicate  that  the  failure 
to  absorb  sufllcient  calcium  and  magnesium  accounts  for  the  arrest 
of  skeletal  growth,  while  the  restricted  absorption  of  carbohydrates 
and  fats  explains  the  failure  to  store  fat,  and  at  least  partially 
accounts  for  the  cessation  in  the  growth  of  the  muscles.  The 
proportionate  slowing  in  the  growth  of  the  viscera  may  safely  he 
assumed  to  have  a  similar  origin,  although  possibly  here  the  phy- 
siological adaptation  of  visceral  structures  to  the  needs  of  the  rest 
of  the  body  may  have  an  influence.  The  relatively  large  develop- 
ment of  the  head  and  brain  may  be  dependent  in  part  on  the  large 
si/.c  of  the  iirain  at  birlh,  but  it  seems  that  the  i^Towth  of  the  brain 
in  infantilism  is  distinctly  out  of  proportion  to  the  very  slow  growth 
of  other  parts  of  the  body. 

It  is  seen  that  the  cardinal  features  of  infantilism,  the  prolonged 
arrest  of  development  in  infancy  and  early  childhood,  may  be  attri- 
buted mainly  to  an  impaired  power  of  absorption  of  tats,  salts  and 
proteins.  ISetween  the  absorption  of  fats  and  the  absorption  of  the 
salts  of  calcium  and  magnesium  there  appears  to  be  a  close 
relationship.  It  has  been  mentioned  that  (he  characteristic  stools 
in  infantilism  contain  considerable  quantities  of  the  soaps  of 
calcium  and  magnesium  and  it  may  well  be  true  that  the  failure 
to  absorb  these  soaps  is  one  of  the  most  inportant  elements  in 
that  deprivation  of  mineral  constituents  which  is  the  basis  of  the 
retardation  of  the  skeleton.  The  relation  between  insufficient  carbo- 
hydrates and  defective  absorption  appears  to  be  very  remarkable, 
for  the  restriction  in  this  class  of  food  stuffs  is  one  often  encou- 
raged by  the  physician  on  account  of  the  evil  consequences  often 
following  even  the  moderate  use  of  sugars  and  starches.  Very 
likely  the  inability  of  the  intestine  to  completely  absorb  the  dextrose 
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formed  during  the  digestion  of  starches  is  a  factor  in  robbing  the 
organism  of  a  proper  share  of  carbohydrates,  but  to  this  factor  is 
certainly  added  the  loss  occasioned  by  the  excessively  rapid  decom- 
positition  of  dextrose  by  acid  and  gas-producing  bacteria.     I  have 
attributed    the    impaired    power  of  absorbing  food  stuffs  from  the 
intestinal  tract  to  a  chronic  inflammatory  process  involving  especially 
the    lower    portion    of  the  colon.      I  have  based  this  view  on  the 
occurrence    of   mucus,    epithelial    cells    and    leucocytes   intimately 
mingled  with  the  intestinal  contents.    The  existence  of  an  inflamma- 
tory   condition   in  the  intestine  is  questioned  by  Heubner  who  is 
disposed   to  regard  the  state  of  the  intestine  as  one  of  functional 
insufficiency  and  atony  without  definite  inflammatory  origin.    1  admit 
that  there  are  periods  in  the  history  of  cases  of  infantilism  in  which 
the  indications    of  inflammation  are  slight  and  imobtrusive,    but  I 
believe  that  these  periods  represent  times  of  temporary  subsidence 
of  a  persistent,  chronic  inflammation  of  varying  intensity  and  distri- 
bution.   Heubner  questions  the  ability  of  normal  intestinal  bacteria 
to  bring  about  intestinal  inflammation  in  older  children  and  does 
not    consider    it    clear    that    the    hypothetical  inflammation  of  the 
intestine  could  lead  to  so  severe  a  disturbance  as  this  of  infantilism. 
I  do    not    pretend  to  be  able  to  satisfactorily  define  the  role 
of  the  disturbed  bacterial  conditions  in  the  production  of  infantilism. 
Ft  is  conceivable  that  the  bacterial  conditions  may  be  regarded  as 
secondarv,    wholly  accidental  and  therefore  in  no  sense  causative. 
There  is,  however,  one  very  important  consideration  which   should 
not  be  overlooked  in  this  connection.    This  is  the  fact  observed  in 
manv  of  my  cases  and  admitted  by  Professor  Heubner  for  several 
of  his  cases,  that  the  onset  of  the  state  of  infantilism  is  often  con- 
secutive   to   acute   or  subacute   disorders   of  digestion  in   which   it 
would  appear  that   bacteria  play  a  very  definite  part  and  are  the 
occasion  of  definite  inflammatory  conditions.    I  make  no  claim  that 
the  organisms  of  the  Bifidus  type,  including,  perhaps,  B.  infantilis, 
are  definitely  pathogenic  in  the  accepted  sense  of  that  word,    but 
am  strongly  inclined  to  maintain  that  these  organisms  have,  perhaps 
in  part  through  their  acid-producing  properties  acted  as  mild  irri- 
tants   capable    by    their    persistence    and  wide  extent  of  initiating 
disturbances  in  function.     I  have  also  to  own  that  in  ascribing  to 
bacterial  and  to  chronic  variable  and  mild  inflammatory  conditions 
an  important  role  in  the  pathology  of  infantilism,  I  am  influenced 
by  my  experience  with   chronic  inflammatory  conditions  in  adults. 


■^ 
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I  helievt:  there  exi&ts  definite  ovidence  al  prcaect  only  impe^fe^^tjy 
studied,  to  the  effect  that  chronic  ileocolitis  associated  with  a  prc- 
pooileraoco  of  abuormal  types  of  bacteria  is  responsible  for  tnaiiy 
elironic  disorders  of  nutrition  characterized  by  gradual  shrinkage 
of  the  general    bodily  tissues   including  the   muscles  and  skeleton. 

I  do  not,  however,  care  to  pursue  this  controversial  point 
furthor  at  Die  present  time,  and  I  shall  conclude  what  1  iiave  to 
say  about  (he  pathology  of  intestinal  infantilism  by  reference  to 
the  part  jilayed  by  the  products  of  abnormal  intestinal  decompoitilion 
in  bringing  about  certain  toxic  symjitoins  which  occur  in  the  course 
of  the  disease.  On  this  point  also  Professor  Heubner  has  expressed 
scepticism.  My  cspcrience  leads  me  to  think  that  the  element  of 
intoxication  is  very  variable  in  difl'erent  cases  of  infantilism,  being 
in  some  examples  of  the  disease  characteristic,  extending  over  years 
in  unmistakable  intensity  and  dchaiteness,  and  in  other  cases  being 
a  suboixliuatcd  or  relatively  uuoblrusive  condition  at  least  during 
a  portion  of  the  time.  The  patient  in  whom  the  toxic  symptoms 
are  well  defined  may  sliow  these  manifestations  in  a  variety  ol  ways. 
The  most  prominent  of  such  symptoms  are  irritability  of  the  nervous 
.lysiom  shown  in  emotional  over-action  and  heightening  of  the 
reflexes.  This  emotional  over-action  is  apt  to  alternate  with 
mental  and  emotional  depression.  L'irculatory  disturbances  are 
common,  the  face  being  sometimes  flushed  and  the  lids  swollen  and 
drooping;  more  [re([uently,  however,  the  face  is  pinched.  There  i> 
at  times  a  little  ri,se  in  temperature  which  apparently  can  be 
explained  only  on  the  supi»o,sition  of  some  kind  of  intoxication. 
Most  .striking  of  all  is  the  rapid  muscle  fatigue  which  sets  in  after 
slight  exercise.  Indeed  in  many  instances  the  muscles  themselves 
beeom  thin  and  flabhy. 

It  appears  to  me  that  these  conditions  can  only  be  regarded 
as  having  a  toxic  origin.  Their  great  variability  within  relatively 
short  periods  of  time  is  an  additional  conlirmatinn  of  this  view. 
Moreover  it  is  precisely  in  the  cases  which  show  these  peculiar 
disturbances  of  neuro-muscular  function  that  we  find  most  strongly 
marked  the  evidences  ofexcessive  and  abnormal  intestinal  putrefaction. 
These  evidences  consist  in  an  increase  in  the  ethereal  sulphates, 
indoiacetic  acid,  aromatic  oxy-acids  and  volatile  phenolic  substances. 
It  is  true  that  not  all  these  need  be  present  in  Iho  same  case. 
I  consider  the  rise  in  the  ethereal  sulphates  and  the  excess  of 
aromatic  oxy-acids  the   most  constant  features  of  excessive  putre- 
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faction  in  the  active  stage  of  intestinal  infantilism.  The  presence 
of  considerable  indoxyl  potassium  sulphate  is  a  variable  condition 
—  very  marked  in  some  cases,  much  less  marked  in  others  and 
often  highly  variable  in  the  same  case.  In  some  instances  great 
excess  of  indolacetic  acid  is  a  continous  feature.  It  shows,  as  I 
have  already  pointed  out,  as  the  urorosein  of  the  urine. ^)  I  am 
inclined  to  associate  marked  muscular  prostration  with  a  constantly 
striking  excess  of  indolacetic  acid  or  with  extreme  indicanuria 
in  the  urine.  Particularly  noticeable  in  this  connection  is  the  fact 
that  these  various  nervous  symptoms  tend  markedly  to  retrogress 
when  there  is  a  recession  in  the  formation  and  excretion  of  the 
substances  I  have  mentioned.  Another  point  which  I  would  empha- 
size stronglv  because  I  think  it  is  too  much  overlooked  bv  clinicians 
and  pathologists,  is  the  fact  that  it  has  been  shown  that  indol  in 
very  small  quantities  is  capable  of  inducing  rapid  muscle  fatigue. 
I  have  not  had  an  opportunity  to  study  the  influence  of  indolacetic 
acid  in  this  relation  but  it  appears  in  a  high  degree  probable  that 
it  possesses  a  similar  depressant  action  on  the  voluntary  muscles. 
The  similarity  in  chemical  constitution  to  indol  gives  color  to  this 
view.  It  should  be  remembered  also  that  while  indol  undergoes 
oxidation  and  is  thus  got  rid  of  in  the  form  of  the  indoxyl  com- 
pound, indolacetic  acid  undergoes  little  or  no  oxidation  in  the  body 
but  is  excreted  as  such,  thus  giving  it  opportunity  to  act  upon  the 
neuro-muscular   structures. 

For  these  reasons,  which  might  be  considerably  elaborated,  I 
maintain  that  the  toxic  symptoms  observed  in  many  of  our  cases 
of  intestinal  infantilism,  have  their  most  reasonable  explanation  in 
the  action  exerted  by  products  of  decomposition  in  the  intestinal 
tract.  I  am  not  prepared  to  maintain  that  fever  is  caused  by  any 
of  the  substances  mentioned,  nor  can  I  believe  that  it  is  due  to 
inorganic  salts,  as  some  investigators  claim.  It  seems  more  likely 
to  be  dependent  on  substances  the  nature  of  which  have  as  yet 
escaped  attention. 

As  regards  the  therapeutic  modification  of  the  conditions 
existing  in  intestinal  infantilism,  it  is  almost  impossible  to  make  a 
general    statement    applicable  to  all  cases.     The  symptoms  of  the 


1)  The  Relation  of  Nitrifying  Bacteria  to  the  Urorosein  of  Nencki  and 
Sieber.  Journ.  Biol.  Cbem.  IV.  p.  239.  1908.  Also:  On  Indolacetic  Acid  as 
the  Chromogen  of  the  „Urorosein"  of  the  Urine.    Ibid.  IV.  p.  253-   1908. 
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disease  vary  so  niucli  iu  diffci'ent  ciises  and  frotu  day  to  day  in 
the  same  case,  that  it  is  nocossary  for  the  physician  to  gain  his 
own  experience  in  the  application  of  the  therapeutic  principles  that 
emerge  from  a  rather  complex  combination  of  processes.  The  en- 
viroumeutal  rcijuirenients  in  these  casea  are  very  well  defined.  They 
call  for  a  temperate,  equabie  and  sunny  climate  in  which  the 
patient  uan  Uvr  out  of  doors,  iiod  secondly  they  call  for  quiet  and 
soothing  human  surroundings  and  limited  companionship.  Dietetii- 
measures  are  of  course  the  keystone  of  the  therapeutic  situation  iu 
this  disease.  Without  llie  closest  attention  to  them  there  is  small 
chance  of  favorably  modifying  the  intestinal  processes  which  underlie 
the  condition.  Cautious  and  prolonged  observation  and  esperimenl 
are  necessai-y  to  secure  the  best  dietetic  conditions  in  each  case. 
The  task.  oC  the  physician  is  to  secure  tlie  absorption  of  food  stuffs 
adequate  in  quality  and  quantity  for  a  moderate  growth  of  skeleton, 
muscles,  etc.  with  as  little  waste  as  possible  from  non-absorption 
and  as  little  opportunity  as  possible  for  excessive  putrefaction.  The 
intelligent  restriction  of  the  carbohydrates  is  an  absololely  (?.ssential 
feature  in  ihe  management  of  these  cases.  Rice  appears  to  he  one 
of  the  best  forms  in  which  carbohydrates  may  be  allowed.  Of 
equal  importance  is  the  careful  regulation  of  the  fats.  The  guidinj; 
principle  here  consists  of  givinj;  only  so  much  fat  as  will  be  iu 
large  measure  absorbed.  It  is  desirable  to  avoid  the  prolonged 
formation  of  excessively  fatty  stools.  The  main  objections  to  such 
an  excessive  fat  loss  are  two:  the  unnecessary  and  uneconomical 
waste  of  calcium  and  magnesium  soaps  and  the  interference  with 
digestion  and  absorption  occasioned  by  the  presence  of  fatty  material 
in  excess.  The  proteins  are  better  tolerated  than  either  fats  or 
carbohydrates  but  it  is  necessary  to  experiment  in  order  to  see 
what  form  of  proleid  is  best  utilized.  Some  children  do  badly  on 
eggs,  although  most  of  them  tolerate  eggwhite.  Beet,  mutton  and 
chicken,  or  broths  made  from  these,  are  usually  well  taken.  The 
necessity  for  cutting  down  the  carbohydrates  and  fats  in  the  Ireat- 
ment  of  infantilism  leads  to  a  corresponding  tendency  to  increase 
the  protein  above  the  ordinary  proportions  in  food.  This  is  ob- 
jectionable in  favoring  excessive  intestinal  putrefaction.  This  un- 
desirable tendency  may  be  in  a  measure  overcome  by  the  free  use 
of  gelatin  which  is  capable  of  replacing  the  carbohydrates  and  fats 
within  moderate  limits.  The  chemical  constituliuii  of  gelatin  i> 
such  that  it  does  not  give  rise  to  indol,  skatol,  indolacetic  acid  or 
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aromatic  oxyacids.  This  fact  can  be  utilized  in  this  connection. 
I  believe  I  have  made  use  of  this  form  of  food  in  a  highly  advan- 
ta,geous  manner  in  several  of  the  cases  of  intestinal  infantilism 
which  I  have  closely  studied. 

It  is  difficult  to  give  definite  rules  in  regard  to  the  use  of 
milk.  The  experience  of  Heubner  is  apparently  strongly  against 
the  use  of  milk  and  the  fact  that  in  this  disease  we  seem  to  be 
dealing  with  the  persistence  of  certain  modified  flora  of  infancy  — 
flora  growing  readily  in  milk  —  may  aiford  an  explanation  of  the 
intolerance  for  milk  which  exists  in  many  cases.  My  experience, 
however,  has  been  that  some  children  are  able  to  tolerate  conside- 
rable quantities  of  plain  or  fermented  milk.  Therefore  I  am  not 
disposed  to  wholly  abandon  the  use  of.  mdk  without  a  careful  trial. 
T>utter-milk  is  in  some  instances  very  well  tolerated  and  is  apt  to 
be  a  useful  food,  in  the  later  stages  of  the  disease  where  the 
inflammatory  conditions  have  subsided  and  where  we  are  confronted 
mainly  with  retardation  in  growth.  I  have  used  lacto-bacilline, 
milk  and  also  tablets  of  lacto-bacillus,  but  have  not  been  able  to 
observe  any  special  benefits  from  their  use. 

The  pharmacological  measures  to  be  employed  in  the  course 
of  the  treatment  of  infantilism  are  so  subordinated  to  those  of 
environment  and  diet  that  it  seems  hardly  necessary  to  discuss 
them  here.  It  seems  in  general  best  to  avoid  the  use  of  carthartics. 
The  employment  of  iron  and  arsenical  tonics  by  mouth  appears  to 
be  of  doubtful  utility,  especially  during  the  active  period  of  the 
disease.  The  use  of  cacodylate  of  soda  subcutaneously  might  be 
worth  trying  where  there  is  considerable  anaemia.  The  possibility 
of  employing  eserine  to  reduce  congestion  in  the  digestive  tract 
is  perhaps  worth  more  consideration  than  it  has  received. 

It  should  be  entirely  clear  that  the  state  of  intestinal  infan- 
tilism is  a  highly  refractory  one  and  not  likely  to  be  followed  by 
a  return  to  normal  growth  except  as  the  result  of  discriminating 
therapeutic  interference.  Among  the  poorer  classes  there  are  pro- 
bably a  good  many  deaths  from  the  acute  or  sub-acute  infections 
which  lead  to  infantilism,  but  among  the  well-to-do  population  who 
are  willing  to  take  pains  with  their  children,  deaths  are  very  few 
either  in  the  initial  acute  and  sub-acute  stages  or  in  the  later 
stages.  It  is  to  be  expected  that  a  permanently  undersized  indi- 
vidual will  be  the  outcome  even  in  the  most  favorably  progressing 
instances    of   the    severe    form    of  infantilism.     In  one  of  the  ten 
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instances  that  1  have  followed  there  was  excellent  compen.'iation 
afUT  the  tenth  year  so  that  the  outcome  was  a  yoang  adult  of 
normal  sizo.  In  this  case  the  retardation  of  growth  was  aJmost 
complete  during  four  or  five  years.  Id  a  good  naany  cases  the 
outcome  is  a  state  of  murked  ilwarAsm  and  (here  can  be  little 
doubt  that  a  certain  proportion  of  dwarfs  in  the  community  arise 
through  the  pei'sistence  of  intestinal  infantilism.  Aside  from 
fTPtinisra  it  may  be  that  this  is  the  most  common  cause  of 
dwarlJsm.  It  is  important  tu  note  that  the  retardation  in  physical 
development  is  not  incompatible  with  a  high  degree  of  mental 
culture. 

It  is  also  to  be  remembered  that  tomporarj'  relapses  are  very 
Common  in  the  course  of  infantilism,  even  when  the  greatest  care 
is  being  taken  to  prevent  them.  Such  relapses  on  the  part  of 
the  digestive  apparatus  may  occur  while  the  patient  is  upon  a 
diet  whii'h  has  been  well  tolerated  lor  weeks  or  even  for  months. 
The  most  frequent  cause  of  relapse  is  the  attempt  to  encourage 
growth  through  the  too  free  use  of  carbohydrates.  When  the 
relapse  occurs  the  feces  become  volumiuons,  lose  their  conglomerate 
appearance,  show  an  excess  of  fat  or  an  excess  of  acid  due  to  the 
fprmeniation  of  carbohydrates.  In  persistent  relapses  an  increase 
in  the  numiier  of  organisms  of  the  IJ.  infanlili.'i  and  1!.  bifidus 
type.''  can  often  be  determined. 

It  should  be  evident  that  treatment  of  these  eases  of  infan- 
tilism re(iuires  the  utmost  tact  and  patience  on  the  part  of  the 
physician  and  the  intelligent  confidence  of  the  parents.  For  obvious 
reasons  it  is  of  the  first  importance  that  the  physician  should 
recogni/e  the  nature  of  these  cases  at  the  earliest  possible  time  in 
order  that  he  may  prepare  the  parents  for'  the  long,  perplexing 
and  often  discourajring  course  of  events  which  necessarily  attends 
even  the  most  favorable  progress  of  these  unique  types  of 
dipesiive  disorder. 

Kesiimp. 

Nafh  der  Schilderung  des  klinischen  Krankheitsbildes  des  in- 
If.slinalen  Infantilisnnis  wird  iiber  die  Ergebnisse  der  Untersuchung 
dor  IJakterienflora  des  Darmes  bci  dicser  Krankheit  berichtet.  Im 
Stadinm  der  akuten  Darmstiirungen  findet  man  eine  Bakterienflora, 
wie  man  sie  kaum  unter  normalen  oder  andereu  pathotogischen 
Verhaltnissen  antrifft.     Diese  Flora  wird  genavier  beschrieben.     Die 
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Ursache  fur  die  Wachstumsstorung  ist  die  Unfahigheit  des  Orga- 
nismus,  geniigend  Nahrmaterial  aus  dem  Darminhalt  aufzunehmen. 
Das  betrifft  vor  all  em  die  Fette,  Eiweissstoffe  und  Salze.  Daher 
ruhrt  auch  die  eigentiimliche  Beschaffenheit  der  Stiihle.  Kohle- 
hydrate  werden  gleichfalls  schlecht  ausgcnutzt,  zum  Teil  durch 
Bakterien  im  Darm  zerstort.  Die  Ursache  der  Darnninsuffizienz 
muss  vor  allem  in  einer  chronischen  Schleimhautentziindung  von 
wechselnder  Intensitat  gesucht  werden.  >Zu  aliedem  gesellen  sich 
toxische  Wirkungcn.  Darauf  deutet  auch  der  Hambefund  hin.  Zum 
Schluss  wird  die  Therapie  der  Krankheit  besprochen. 
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